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oe OBJECT LESSON HAN DBOOK. 
খ PART III. 
. হু INTRODUCTION. 


® THEE present handbook has been. written to provide a com- 
pletegit.de fo the teaching of Object Lessons as a class-subject 
Jn Sfandards L, IL, and III. In the columns headed “ Experi- 
‘(/ ments and Observations”, are provided items of information 
on the subjects already dealt with in ‘“Blackie's Object Lesson 
and Science Rewind in addition such kindred illustra 
tiong ind explanations as can veé-Tntoyith orally, but not 
through the medium of class reading books. 
1e importance of using suitable reading books as an aid 
5 teaching is’ recognized by the Education Department, 
and isewell expressed in the following words in the “Instruc- 
tions to InspectGts”: “ The chief use of the reltsingbooks is to give 
greater definteness to ‘such ural teaching, to make thorough recapitu- 
© Jation easier und more effective, and to invest the subject with a new 
iaferest.” While therefore the Readers and Handbook are 
EE of independent use, the best result will be obtained 
where they are conjoined. 

The Handbook does not merely provide information, it also 
points out how best to arrange and impart it. 

Head Teachers are sometimes deterred from following out 
their desire to relieve the monotony of the more mechanical 
work of the school by the introduction of object lessons, 
either as a class subject, or as a foundation for a course in 
Elementary Science, by the fear that the younger members of 
the staff may be unable to handle the subject efficiently. 
They feel that it is much easier to collect “Matter” for 
them than to ensure that the best “Methods” of imparting 
this information are adopted. i ৰ 

This problefo has been worked out with great success in 
several large groups of schools in the kingdom, and their 
methods of “successful solution have therefore been incor. 
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porated in the “Teaching Notes” which are appended to 
each lesson. 0 

Tt is hoped that these OBJLOCT TLssoxl) IN CELEMENTARY 
SCIENCE will thus prepare the children, by experiments and 
oral demonstrations for the subsequent reling matter on 
the same items. These subjects have been here taken in the 
same order as in the Readers, but are treated with greater 
elaboration. With the help thus afforded, there is Mo reason 
Why every elementary or other school should not take up 
this interesting and delightful subject to enliven the school 
curriculum. cv BE Di 

‘The experienced teacher will at once recognize that the’ 
method of treatment here adopted is progressive in ditficulty. 
This is seer in the diction; in the spelling; in the demacidmade 
on the reasoning powers of the class; in the elaboration of 
detail; and in the varying amount of illustration employed 


In une “Notes of Lesso1s”; FE 
‘The most important consideration in #- “hale subject, and K 
‘especially so in the cemlio- ayes, 1s the absolute necess:uy of 


attacking the problem on INDUCTIVE lines. Every experiment 
should be performed, and that more than once, by the teacher 
before the class. And every one of these. that can be ‘per- 
formed by the childrcn after the teacher, should be so repeated. 
In other words, te “hand” should be largel; employed as an 
Instrument to aid Thought. ৰ f 
Again, where the subject does not completely lend itself to 
experimental treatment, it will do so to Observation. In othe = 
Words, the “eye” is to be used as an instrument t0 aid 
Thought. Of course, in the majority of instances, these two 
methods will be combined into one treatment. But in no case 
should this « Hand -and-Eye-Training” be replaced by “telling”, 
or by verbal clouding of the subject by mere names and de- 
finitions. The main purpose of Object Lessons in schools 
should be to lead the children to see, and to see: Jor, 
and by themselves. If this point be missed, the educative 
value of the teaching is almost wholly lost. For this reason, 
the junior teacher should not imagine that any of the “« Obser- 
vations” collected from the children and recorded in the text 
are trivial or unimportant. Each has a specific puipose in 
view, and each, therefore, has an educative value of its own. 
The form of direct statement in which the lessons are written 
- js not intended to suggest that questioning should nof, be very 
freely employed, to draw from the children the results of their 
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own observations. It is assumed that information will not be 
Qirectly imparted, TC the teacher's questions and the chil- 
dren’s exfmintionof the objess shown them, fail to bring it 
out. J 
‘The experience of the Head Teacher will remind him under 
what great temptation the young teacher lies to abandon 
S concrete things for mere names and abstractions. The author 
would therefore respectfully suggest to his fellow-instructors 
the help that may be gained in this direction by insistence. on 
the junior teacher gathering together for class use and illustra- 
¢ion the bulk of the specimens suggested, and on having these 
always at hand ie the museum cupboard, neatly preserved and 


e arrangéd. 
i © 
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PART II. 
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1. THE THREE KINGDOMS Off NATURE. 
(READER IIL, p. 9.) 


Illustrative Objects. A stone; a live dog (or cat); some 


mustard, growing in a flower-pot, on 


round an overflowing 
Seeds, shells, buttons, 
cellaneous objects. 


0 


Experiments and Observations. 


Suggestions and Inductions, 


I. Sorting Up.—(a) Hereis a 
box full of Leans, shells, buttons, 
peas, and other small objects. I 
Wish to put these into some kind 
of cder. ‘To do this T sort them 
out. I put together all those that 
are large, and all the others that 
are small; thus Sorting. $i ac 
cording to size. Or I can sort them 
according to shape, or to colour, 
In each case I classify them, or 
make classes of them. 

(b) We will do the Same with 
the children here, co! Ssifying them 
into boys and Yils; into old and 
Young ; into small and big ; or into 
fair and dark children, and so on. 

(c) We can do the same sorting, 
or dividing into Classes, with every- 
thing that- makes up the great 
world. 

But it would not help much to 
divide these things accordin to 
size, shape, or colour. We find 
the best way is to sort them out 
into two great classes of living and 
dead objects. 

‘Then we get on the one side 
Minerals (including metals), and 
on the other Plants and Animals. 


I. (a) Tf the children, Contiifhe 
this task,— which was be: unin the 
Infant School,—and if it he left to 
themselves to do it, this will give 


the teacher the opportunity of en- A 


quiring what ig the ‘basis of classi- 
fons Y stze; sTtAPE, colour, ete.) 


“which they have adopted. 


[*] 
LP 


)) The members ofthe different 
cA @ sche are alike in being 
children. They are unlike in age, 
size, capacity, etc. Somebody has 
sorted them out. 


(ce) We see that size and ceoloc 


are not much help to us, since dogs 
(for example) may be small or large, 
black or white, etc. We could not 
tell a dog from a cat by size 8 
by colour only. Still size Le 
Some use, as in telling a young 
tiger from a full-grown cat (Vide 
Standard IL, The Cat). s 
We may classify all objects thus: 
Matter is: 
(1) Living—(a) Plants. 
(bh) Animals. 
(2) Dead —(c) Minerals. 


II. Mineral Kingdom..—(a) We 


have already seen that coal, chalk, | 


plc, Vide Standards I., IL.), ave 
CE out of the ground, and are 


called Minerals. 


ITI. (a) There Was onceza time 
when there were no animals nor 
plants on the earth; then every- 
thing in the earth must have be- 
longed to the Mineral Kingdom. 


a piece of flannel wrapped © 
bottle of water, or on a Wet sponge. 
or any other collection of small miss 
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ED) 'THE ‘THREE KINGDOMS OF NATURE— Continued. 


Experiments,and Qbservations. 


a © Suggestions and Inductions, 


ত 
(b) Minerals, then, are such 
things as are dea, and such as 
generally speaking have never been 
alive. ‘They are dug out of the 
© carth, or, as we say, out of mines, 
from which they get their name 
of Minerals. Sometimes, however, 
‘they are picked up from the sur- 
face of the ground. % 
© (c) These do not become bigger 
‘from the inside in the same way as 
e Plants nd Animals do, because 
tisey arg,not alive. ঠি 
(dh This alep means that Minerals 
do nd work, as Plants and Animals, 
0d however, do. Consequently they 
have not different organs with 
which to do work, as, Plants and 
Animals have. Qs. 
(e)™ And that is also to say that 
they cannot move about, as Animals 
mostly do. 

But as Minerals do not work, 
s0 they do not waste nor wear away. 
‘TherefSre they do not require any 
Sood, as Plants andnAnimals do. 


(9) Minerals have no stomach 
tr Digestion) and require none as 
they take no food. 

We have also seen that they 
haye no limbs (for Locomotion), as 
they do not need to move about. 

And they have no lungs, nor gills, 
to%reathe with (for Respiration). 

Minerals also have no heart to 
make blood go through them (for 
Circulation). 


(h) But though these Minerals 
ure not alive, yet some of them 
were so once. Only they have since 
died, and have become changed. 

This we have already seen is 
true in the ease of coal, Which was 
once growing as peat, Mosses, 


(b) The earth is all mineral, even 
the water on it, and the air above it. 
For both water and air are without 
life, and so are neither animal nor 
vegetable. But by ‘‘Minerals” we 
generally mean only the ground, 
not the seas, nor the ‘‘atmosphere” 
above this ground, or earth. 


(c) Objects must increase in size 
either from the outside or from the 
inside. Minerals are added to from 
the outside only. 

(d) We have seen fhat all Plants 
and Animals are made up of organs 
to do work. ‘These organs are 
instruments, just as u violin $8 an 
instrument (by which we make 
ahusic). 
| CF Pie: most important organs 
in most Animals are their limbs, as 
by these they get to their food. 

(f)_ITf we run about, or work 
hard in any other way, we become 
hungry, and feel weak: To make 
us strong agald~ and to prevent us 
from wasting Way, we take 
Jood. 

(9) Food is partly food for the 
stomach, and must be digested 
(Digestion); and partly food for the 
lungs (Oxygen), to he breathed 
(Respiration). When the food gets 
into the blood it has to be carried 
to the different organs that are 
wasting from work (Circulation). 

A mineral cannot digest, for it 
has no stomach ; nor breathe, for it 
has no lungs nor gills; nor circulate 
any blood, for it has none. It is 
PSS without the marks of 

ife. 

(A) As the substances of which 
coal and chall: were formed were 
oncealive, or parts of living objects, 
they must then have belonged to 
une or other of the remaining two 
kingdoms of nature. We ourselves 
shall some day be dear. Then we, 
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THE THREE KINGDOMS OF NATURE— Continued. 0 


Experiments and Observations. 


Suggestioyys and Jnductions. 


fOrns, etc. (Vide Standard TEE 


Coal). R 

We have also seen that this is 
true of chall:, which was once the 
‘‘shells” of marine (sea) animals 
( Vide infra, Chalk). 

So, of these two particular kinds 
of Minerals, one once belonged to 
the Y EStable and the other to the 
Animal Kingdom. 

(i) But though the objects of the 
Mineral Kingdom do not wear and 
Waste away through working, they 
may do so fron the action of winds, 
Waves, rivers, frosts, etc.,as in hard 
rocks being turned into mud, sand, 
clay, ete. (Vide Standard ES 
Action of a River.) ষ 

(7) Though Minerals donot grow, 


—Or increase in size from LLuu- 


taken inside,—they may become 
larger from the outside. This is 
brought about by more mineral 
matter being laid down on them, 
asin the thickening of a Inud-bank, 
Or sand-bank, by a-2iver washing 
down more mind or sand on it, in 
the bed or at the mouth of a river. 


too, shall no longer belong to the 
Animal, but to the Mineral King- 
dom, when we become “dust and 
ashes”. ‘This is also true of every 
other animal. 

It is true likewise of every plant, 
for; in course of time, all vegetables 


decay, and return, like the animals, . 


to the Mineral Kingdom, from 
which they first came. 


(i) All the anineral substancese 


in the surface of the ‘ecrth are 
being washed and worn away. by 
rivers, etc. Even those wader- 
neath the surface sometimes Waste 
and wear away, as we see when 
rains eat out great caves in the 
“crust of the earth”, as we call it, 

(5) W- liwy.tseen that a piece of 
coal is flaky, or breaks u1y-into 
layers. Slate and shale also show 
the same structure. All these are 
outside-growers. ‘They are .like 
the ‘‘dips” we learnt abont (Vide 
Standard II., Candles), iv being 
built up, or wade thicker, from 
the outside, in fresh layers of the 
sume substance. 


TEACHING NOTES. CAPE 


T. The teacher should introduce this first notion of Classification 
by asking the children for the lifenesses between two (animal and 
plant) of the three items named in the Illustrative Objects. 

Then he should set these two together, apart from the third 
(Minerals); and so make the first classification on the basis of life, 
or the absence of it (Animate and Inanimate, or Living and Dead, 


objects). 


‘The main point is to get the children to see for themselves, 
yithout telling them this, that Classification really depends on 
discrimination of Agreement and of Difference. 

II. Throughout this Standard the teacher will necessarily, in this 
early presentation and first edition of the subject, haveto deal 
with rules, and mostly to ignore exceptions. The childrer cannot 
know, nor understand, anything of an Intermediary region con- 
necting together the lower parts of the Animal and Vegetable 
Kingdoms. Their notions of Animals and Plants must fora time 
Be limited to the higher members of these two kingdoms. To 


ANIMALS AND PLANTS. 


ij 


throw in exceptions parenthetically, will be to confuse the broad @ 
cvutlines of the children’s present knowledge and ideas. 

‘The teache?, with the help ef he class, should build up the 
special differéhtial churacteristics of Minerals as he goes along, 
and then make as Blackboard Summary from which hemay after- 
wards recapitulate these. In doing so, constant appeal should be 
made to the stone (Vide, Ilustrative Objects), as contrasted with 


the mustard, and cat (or dog). 


৩ 


eo 9. ANIMALS AND PLANTS. (READER IIL, p. 15.) 


Illustrative Objects. A cat (or dog), and growing mustard, 


as in preceding lesson. 


cc 


0 0 
Hxporiments and Observations. 


Suggestions and Inductions. 


T. Likenesses.— We have just 
lately learnt that there are three 
great “4 Kingdoms” i Natures $he 
Minéral, Vegetable, and Animal 
Kinggoms. 4 

We also learnt at the same time 
that the objects in,two of these 
kingdoms are alive; and in the 
other éne deed (Mineral). 

So the two that‘are composed of 
living objects (the Vegetable and 
Animal), must be like 
in this respect; and differ 
te sane respect from the Minerals. 


I. A» kingdom consists oF a 
number of different people, or sub. 
wiects, as they are called, united 
undtr oie goverument. ‘These are 
divided into different sorts of 
people, living in different, parts of 
the country, doing different kinds 
of work, Ond having different ap- 


pearances. So, likewise, all the 
different kind&af Plants and Ani- 
mals are sul of their great 


Maker ; of different sorts, living in 
diflerent places, doing different 
work, and having different appear- 
Ances. 


TI. Differences.—(a) But these 
same two kingdoms, which are alike 
in. including only living objects, 
art different in other respects. 

Tf this were not 50, they would 
Voth have to be called by the same 
name; either Animals or Plants. 
this is the distinction between 
being like and being the same 
(identical). 


0 ANIMALS. 

(hb) Pn the first place, most 
animals can move about from place 
to place in search of food, and to 
escape from their enemies. This 
Kind of ‘notion from place to 


TH. (a) Everything which is like 
something else in some points must 
be unlike it in others. One boy is 
like his brother in having a family 
likeness tohim. But all the family 
at once know him from any other 
member of the family by his ditler- 
ences from the latter. 

It is the likeness that strikes us 
first, and after that the difference. 


ANIMALS. 

(b) A locomotive engine is also 
one that moves about from plgce to 
Place, as a railway engine. One 
that keeps to one spot,—s in am 


engine-house, a factory, or mill,— 
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ANIMALS AND PLANTS— Continued. C) 


Experiments and Observations. © 
c 


Place,—not merely moving a part 
of the body, but the body as a 
whole,— we call Locomotion. But 
all animals cannot move about from 
Ee to place. Mussels, oysters, 
impets, etc., are fixed to one spot 
When they are grown up; though 
they can travel about when they 
are very young. 


PLANTS. 

(c) (1) Plants feed on mineral 
food. 

On the contrary, Animals do not 
thus live first-hand on mineral 
foods, but on the vegetables grow- 
ing upon these minerals, as, f.9-, on 
grass growing out of the ground. 

Or else they feed on other animals 
that themselves lived on sueh vege- 
table foods. (Beasts and Birds of 
prey.) 

So that at second-hand (or in- 
directly) Animals, Loo, depend on 
the Mineral Kingdom for their 
food. But they -2ever do this 
directly, like Planes, 


(2) Plants, too, have no stomach 
to digest their food. Animals 
mostly have one, but the simplest 
of these have none, unless they 
muy be said to be all stomach. 

(3) Plants have many mouths at 
the ends of their roots and rootlets. 
Animals have but one mouth, and 
this mostly leading into a stomach. 

(d) In Plants all the living parts 
can ‘‘breathe”: Animals breathe 
mostly by gills or lungs. But 
the simplest of the animals have 
neither of these breathing organs. 


(e) Plants have no senses, and 
therefore no organs of the senses. 
They cannot feel, taste, smell, 
hear, nor see. But the higher 
Animals can do this work as well 


and dndugtions. 


xs LU 
we call a stationary engine, because 
of its thus keeping to one station 

or place only, though its different 
parts are in motion. 

So animals that become fixed to © 
one spot may be likened to engines 
which are used at first &s locomo- 
tives, and afterwards as stationary « 
engines. 0 


PZANTS. 


(c) (1) On an island justPushed, © 


or thrown up, by ® volegno frdin 
the bottom vf the seas there would 
be only one “Kingdom”, —the 
Mineral. Tf any member of the 
Animal Kingdom were to pay this 
island a visit, it would starve—for 
waz of nim or vegetable food. 
But by means of the winds, or the 
sen, or the birds, seeds would soon 
be carried to this island (Vide 
Standard L., Dispersion of Seeds). 
‘These seeds would grow, and the 
Minerals become covered over and 
hidden by a defise growth of the 
new Vegetable Kingdom. ‘Then 
animals could find there a living ¢ 
and a home. 

(2) Digesting food is turning 
into something else:—into a part 
of the body of the eater. In this 
way we may say, a plant digests” 
earth-food, and turns it into ‘xap”, 

(3) Plants take in their food 
through little “root-hairs”. They 
also find food in the gas (carbonic 
acid) taken in by their leaves. 

(d) Plants, like nnimals, con- 
Sstantly “breathe in”? oxygen, 
and gire out carbonic acid.. This 

breathing? must not be confused 
with the taking in of carbonic 
acid by the leaves. © 

(¢e) This must be the greatest of 
all the differences between Plants 
und al because the act of 
Seeing, etc., is the very highest 
work of all. For it is th! ough our 


| 
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2 ANIMALS AND PLANTS— Continued. 


১ 
Experiments and @bservations. » 


o 


Suggestions and Inductions. 


as we can; and have askin, tongue, 
nose, ears, and eyts to do it with. 

Some or all of these organs of 
sense may be wanting, however, 
in the lowest and simplest ani- 
mals, asein sponge-flesh (Vide 


J Standard I). 


senses. (especially of .seeing and 
hearing), that we get knowledge 
and wisdom.. Children are sent to 
school to cultivate these senses; 
and many animals, too, can be 
trained to use their senses aright. 


8 TEACHING NOTES. Mp 


eo 
T. THe opportunity should be seized at the threshold of a new 

eAquiry to inculcate the order of the government of the world 

espepially ivits aninfted subjects. Order is Heaven's first law.” 
TI. The statement as to the meaning of classifying given in L., is 


more logical and far-reaching than would appear to the young 


5 
teacher, Si 


ince the basis of our discrimingtion of the outer world is, 


first, Naming the gbjects in it. This Naming is the recognition 0) 


likeness in unlikenesses. 


cation, and finally reaches the highest 
Thus a cow is named such, as being an animal with 
Tt is classified along with the Rumi- 


Defifition. 


cloven feet like many others, 


nants, because of this and of its four stomachs. 


As su. 
But in the definition there 


2) Of the distinguishing mar 
of this evoup (Differentia); or 


<°Dafinition = Likeness + Difference 


১) Of the large group to which it belongs (Geni 


It 8 therefore the foundation of Classifi- 


flight of man’s power, in 


It is finally defined 


are locked up the tavo statements ;— 


's) ; and 


‘ks separating it from other members 


(Differentia). 


The most obvious, not the most fundamental, differences between 


Plants and Animals have 


Stage r 
Respiration, and Innervation. 
e 


of classification: namely, 


to be presented to the child at this early 


those of Locomotion, Digestion, 


(A) THE ANIMAL KINGDOM. 


43. BACKBONES AND NO BACKBONES. 
Cl (READER IIL, p. 18.) 


Illustrative Objects. Shells of limpet, mussel, and whelk;. 


and, on the seaside, their living tenants. 
Tn the country a snail. 


same dead (boiled). 


In inland towns, the 
In both rural 


14 
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" and marine districts alike, the crab, or lobster, and shrimp, 0] 
prawn. In the country theses must be dend (boiled); but a 


living crayfish can often be obtained as well. 
@ bird; and a boiled fish (to dissect). 


A skeleton of 
A live.cat (or dog). 


Experiments and Observations. 


Suggestions and Inductions. ্া 


I. Animals with Backbones.— (a) 
We all know a horse (Mammal), 
4 sparrow (Bird), a herring (Fish), 
and a snake (Reptile), from one 
wnother when we see them. And 
We all recognize that each of these 
is different from a snail, or from a 
whelk. ডু 

They all alike have a backbone in 
their skeletons. 

‘This may be compared with the 
eel of a Ship, or boat, te which 
the “ribs” are fastened. We see 
these real ribs best in the skel. On el 
of the larger animals, thie Mam- 
mals, as in the picture of a man 
and of a horse (Reader, Pp. 20). 
But they are equally present in the 
smaller animals, Bird, Réptile, and 
Tish, and in all cases are attached 
to the backbowe- lirectly or in- 
directly. id 

(b) Thavehere, from the butcher's 
Shop, a part of the backbone of a 
RP He see that it consists of 
Separate bones, so tightly joi. =. 
gether that I Cainot Dull ee ন 
under, (Mamma. ) 

# a EEE ere the correspond- 
ing bones from a cook Y 
Bird) o0ked fowl. 

(d) In these boiled fishes— had- 
dock, herring, eel—T remove the 
flesh, and then you see the back- 
bones that extend down the middle 
of them and support the rest of the 
body on them, as before. (Fish.) 

(¢) Lastly, we may see the same 
structure in the snake, which is very 
like the eel in shape. (Reptile.) 

(f) All animals having back- 

bones are classed together, to 
form one of the great Divisions of 
the Animal Kingdom. 


I. (a) The reason why a boy can 


jump on another's back in play, or 


sit on a horse's in riding, or on ans 
ostrich, is because these bucks da 
uot give way, break, nor bend down, 
under the boy's weight.a There 
must, therefore, be somethipg 
strong in these backs to” support 
the boy’s weight, jugt as there is 
also in the seat of a chair, 

This strong, firm part must be 
bony ; for soft flesh would give way. 
It is called the, backbone, and is the 
longest and strongest part of the 
skeleton. { 

‘The ribs are not so large, strong, 
nor fixed, as the backbone, as they 
have only to anclose the chest, not 
bear the weight of the true, nor 
give fixed support to the limbs. 


(h)-(e) Although the backbones 
of animals consist of separate bones, 
fitted or jointed together, We do 
not call the creatures that possess 
them ‘‘Jointed Animals’, We 
keep that name for the animals 
Whose limbs only are jointed, as in 
the bee, crab, ete.: which are all 
animals without backbones. 

(d) The flesh of a fish is easily 
removed from the backbone; and 
Wwe readily see that this bone runs 
straight down from the head to 
the tail”, with ribbed bones 
attached to it on opposite sides. 

(e) In this skeleton of the snake . 
the ribs are very short indeed, and 
the creature has no proper limbs. 

(/) This Division includes Mam- 
mals, Birds, Reptiles, Amphibians, 
and Fishes. 
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- BACKBONES AND NO BACKBONES— Continued. 


® . 
Experiments and Observations. 


? Suggestions and Inductions, 


Il. Animals without Backbones. 
— (a) In the otfier Division of 
animals — crab, lobster, shrimp, 
mussel, whelk, and snail—we 


© have creatures that have no back- 


‘ bones. Their bodies are soft, in- 
side at least. But some animals 
‘hve a shell outside which is either 
cingle, ns in the limpet; or double, 

the mussel; or made of many 


I. (a) Some of these ‘‘soft crea- 
tures’ are hard on the outside; or 
they have an outside, instead of 
an inside skeleton, very strong in 
many cases. 

If we pull a boiled whelk out of 
its shell we can easily examine it. 
We can cut it up, or pull it to 
pieces, without finding any inside 
skeleton in it. This explains why 


in 
HEE iS in the crab and shrimp. these creatures require the outside 
- T take this boiled limpet out of | case. 
itS shel and we see it is all soft, In the other cases it appears that 
witli no bones in it At all. ‘The | there is also an outside shell, as in 
sume is true of this mussel and | the crab, but this is a part of 
0. whale, the animal itself, not merely, its 
home. ® 5 
(b) ‘The crab has sgme thin, bony (b) The crab, shrimp, and prawn 
Jates inside it, but ‘still no buck- | have limbs; for there is much loco- 
ne motion among them. 

(¢) ‘Besides these creatures with- (ce) The creatures living in the « 
out backbones living in the water, | air are those with Wings, mostly 
we have others without backbones Birds (with backbones), and In- 
living gn land, as snails, worms, in- | sects (without them). 
sects, spider8, etc, Some animals live in water, as 

> Fishes, and Surg Mammals (the 
whale, etc.). 
C) 


Fd) All animals without back- 
bones form one of the two main 
Divisions of the Animal Kingdom. 
‘These two Divisions are :— 
J. Vertebrata. 
2, Invertebrata. 


Many animals live on the ground, 
as Mammals and Reptiles. 

(d) We therefore say: Animals 
are either :— 

(1) Those with backbones (Ver- 
tebrata), or, 

(2) Those without backbones (In- 
vertebrata). 


TEACHING NOTES. 


T. Brvamples of the Vertebrata should be solicited from the 


children themselves ; but the teacher 


should arrange the names of 
these on the blackboard, as they ave given, under the following 
heads :— ন 

* 1. Mammals. 
2. Birds. 


‘To illustrate each Eroup, 


3. Reptiles (and Amphibians). 

4. Fishes. 
the picture on p. 20 of the Reader, 
should be made use of. If there is in the school a museum (with 
skeletonscin it), this would be of immense service in this work: 

Show picture in a fteader of a boy mounted on an ostrich’s back. 


> 
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Tf possible exhibit a picture of the building of a ship, in which EL 


keel and ribs are clearly shown, 


TI. This preliminary referenéeéo the 
will introduce the “Soft-bodied animals” 
ish, shrimp, and prawis, will do the same 

(Crustacea). 
distinguish from molluses the Jointed-limbed Animals 


reference to the crab, er 
for the “Crusty Animals” 


limpet, musgel, amd whelk, 
(Mollusca); whilst 


‘Phe reference will also 
(Arthro- 


oda), previously introduced in Standard IL. under the type of the 


EC, 


amplification. 


as one of the insects (Insecta). 
grouping of animals will be here indicated for future use and 


Thus faint outlines gf further 


e 


+) 


JOINTED-LIMBED ANIMALS. 2) 


[) 
4. CRABS, LOBSTERS, AND SHRIMPS. 


ED) 


) 


(READER IL, p. 21.) 


Illustrative Objects. Crab, lobster, crayfiSh, shrimp, prawn, 
sand-hopper ; alive (at seaside), or boiled, except the latter 
(in the country). Pictures of the same. চ 


Experiments and Obseyyations. 


Suggestiofs and Inductions. 


I. The Crab —(a) We will let 
this live crab sednd for the rest 
of the “Crusty Family” (Crust- 
acea), to which it belongs. The 
first thing we notice about it is 
that it is covered all over with, or 
enclosed in, a hard shell, consisting 
of plates. Tt is thus like an ancient 
warrior clad in plate-urmour. 


(b) The hard shell is in one 
piece on the broad part, or the 
“body ™, of the crab. ‘This broad 
part includes the head; for there 
are two eyes in the front. We 
generally find the eyes of animals 
on their heads, or on the front 
art of their bodies. 

The hard shell also extends to 
the limbs, EI Jon 
1staceans are therefore inc!ud 
Ee the ‘‘“Jointed-limbed” 


Animals (Arthropoda). 


RAE TTT 
I. (a) In speaking of Mammals, 
ete, te Standard tS, we sorted 
them according to their Coverings; 
from hair down to scales. 

Because of their covering, 
Crustaceans are sometimes culled 
“shell.fish”?. ‘They are not true 
“fish” at all, for fishes are back- 
boned animals. ‘There are also 
“‘shell-fish” that are not Crust 
ceans, but soft-bodied animals. © 

(b) ‘In all the Vertebrata the head 
is distinct from the chest. But this 
is least so in the Fishes, which 
lave little or no neck, and form 
the lowest class of the backboned 
unimals. 

In crabs, there is not the slightest 
trace of a division betweemthe he 
and chest. } 2) 

So on this ground, too, as well 
as in the absence of a backbone, 
the Crustaceans are very different 
from the Vertebrata. © 


— 
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Experiments and Observations. d 


Suggestions and: Indjictions. 
%- 


(c) Tucked underneath, is what 
some folks might call the “tail”. 
But we see in the lobster, shrimp, 
and prawn — where this part is not 
tucked under the other—that this 
is not the tail, but the belly (ab- 
domen) of the animal. 

(d) Our bodies have also a head 
and a belly; but they have a chest 
(thorax) between these. 

So in the crab, this broad part 
in front must be made up of both 
head and chest joined together. 

(e) This gives us two parts in the 
crab; namely, Head and Chest in 
oni, and Belly in the other; or 

Crab: (1) Head + Chest." 

(2) Belly, or, 
Crab: (1) Head + Thorax. ) 
(2) Abdomen. 


(f) There ave ten limbs, in Jive 
Pairs, of which the first pair are 
nipping claws as well its walking 
egs, and are much larger than the 
others. Thelas are all jointed. 
Jointed-limbed Animals (Arthro- 
Poda) include also the insects 
and spiders; only the insects 
have six, and the spiders eight, 
legs. 

(9) The eyes of the crab are set 
at the ends of stalls, 

(A) Near the eyes there are 
“feelers”, in two pairs, which in 
the crab are short, while in the 
lobster one pair is very long. 
‘These, like the elephant’s trunk, 
are made up of rings, so that 
they can bend very easily. In the 
lobster they bend buck wards. 

(i) Between the joints of the 
limbs there is tough skin, which 
serves like the leather hinges on a 
rabbit-hutch. This strong mem- 
brane allows the joints to move 
freely on each other, and yet keeps 


the water from getting inside 
them. 


(ce) We can easily see that the 
partof the crabunderueath the head 
and chest is not a “tail”, but is a 
belly, for it has a long pipe running 
through it from the stomach, like 
that from the stomach, of all the 
Vertebrates. 

(d)-(e) If we look at a bee, and 
then at a spider, we see that. the 
bee (Vide Standard TI.) has three 
parts to its Body (head, chest, and 
belly). LS O01 
two Pa (head and chest in Une, 
and the bélly for tie otherspart). 
So crabs, ete:., are more like spiders 
in this respect than they are like 
insects. Crabs are nearer tospiders, 
also, in number of legs. But there 
are other was in which crabs, ete., 
resembleinsectsrather than spiders, 
as e.g., in having feelers. 6. 

(f) We can put these ‘‘jointed- 
limbed” animals in their clusses 
thus— bl | 

(1) Insects (Insecta) with six 

legs, — € 

(2) Spec (Arachnida) with 

eight legs, 

(3) Crustaceans (Crustacea) with 

ten legs (or more). 


(9) For this reason they are 
called stalked-eyes”. 

(A) They are plainly meant to 
serve like the whiskers of the cat 
and other beasts of prey. Yhey 
sway about with the slightest 
motion of the water, and so tell 
the crab (and lobster) when the 
tide is coming in, and when food 
is passing. 

(i) In the grub, also, of the 
butterfly, ete., the whole outer 
covering is tough skin, &o that the 
creature can bend at ny of the 
Places where the separate rings 
come together. 

We can only bend our bodies, or 
limbs, at our joints. © 


But the spider“has only ~ 


D 
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o CRABS, LOBSTERS, AND SHRIMPS— Continued. 


Experiments.and Observations. 


হু 7 Suggestions and Inductions. 


S$ Eb 
II. The Crab'’s Relations. (a) Lob- 


ster.— (1) The lolfter also lives in 
the sea like the crab; but it does 
not forage about so much for food. 
Tt rather keeps in holes, and lies in 
wait for if." It can readily do so 
VDecause it has long feelers, which 
stretch out in advance of its body. 


P (2) Besides, its belly is not tucked 
under its head and Ehest, as in the 
crab, bRt is stretched out; except 
wien the lobster sharply draws 
it underneatl, to enalsle itself to 
dart backwards through the water. 
(3) ‘The live lobster is of a pur- 
plish black colour; this changes to 
a bright red when the lobster is 
boiled. A REG s 
(4) The lobster's ‘nipping claws 
are mach stronger than the crab’s. 
But this pair oF legs is much more 
loosely jointed to the body in the 
Jobster than in the crab, and often 
the frént les come out of their 
fastenings (attachrirnts) when we 
take up the lobster by them. 
Like the crab, shrimp, and 
prawn, the lobster has ten legs. 
3b) Shrimp and Prawn.— The 
shrimp and prawn are cousins to 
the crab and lobster. 
The prawnismore like the lobster 


« than the shrimp is; for it also has 


a beal: in the front of its head, 

q'he shrimp lives on sandy shores, 
and hides in the sand which it re- 
gembles in. colour. The prawn 
mostly hides in holes in the rocks: 
like the lobster, it turns red when 
it is boiled. 

(e) Sandhoppers.— These are to 
be obtained at the seaside only, 
and are most like the shrimp. 
‘They hae, however, seven pairs of 
walking legs. 


II. (a) (1) If we put a lobster, 
shrimp, and prawn by the side of 
each other, we see their likeness 
(except for size, which never counts 
for much) in a moment. But we 
have to seek closely for their like- 
ness to the crab also. When we 
have found it, we then have to 
look for any differences. 

(2) This sudden bending and 
straightening of the lobster’s belly 
may be illustrated by bending a 
bit of whalebone in the fingers, and 
letting it straighten again. 


(3) The crab is of nearly.,the 
same eolour both boiled and un- 
boiled. 


(4) The strong hard “‘teeth” of 
these front claws show that they 
are used for crushing hard sub- 
stances between them. The size 
of the nippers, too, tells us that 
they have great strength to do 
this. ‘The same thing is shown 
by the tough stdong muscles in- 
side these claws. 


(b) We notice that these two 
are much alike in general shape, 
size, colour (before boiling), and in 
all the other points of the Crus- 
facea, such as shells, plates, jointed 
limbs, etc. But as their ways of 
living, and the places where they 
live, are rather ‘different, some 
Smaller differences in their build 
and organs (structure) are to .be 
expected, and are found to exist. 


(ce) These must belong to the 
Crustacea, because of their shelly 
plates, jointed limbs, ete. 
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I. The teacher should note th&t this type (a Cristacean) is the 
first of a series of three, selected in these lessons to represent 
three of the Classes of the Jointed-limbed Anirhals (Arthropoda). — 

It has not been deemed necessary to deal fully with the remain- 
Ing Class (Centipedes, etec.). K 

Children gain knowledge of the Animal Kingdom, either by 
beginning with the highest groups (Vertebrata), descending to the 
lower (Invertebrata) ; or in the reverse order: The former range 
from Mammals down to Fishes; and the latter work downwards 
to mere lumps of living jelly-hke substance. Q 

IT. The teacher should buy a small lobster, end crab, in seaSon + 
aud keep these preserved in spirits of wine (methylated spirit), in 
glass jars for demonstration. The shrimps and prawns arp, 50 long 
In season that they can be generally procured at all times except 
in the depth of Winter, Enlarged drawings of the four large 
ty Res, set side by side to show likenesses and differences, will Oe 
also be useful. & uf 

‘These Crustacea mostly live among, and under rocks, so they 
require a hard protecte covering, like the beeties among insects. 

‘They also nove about very quickly in Locomotion, and sv could 
Not carry about their house i 
They, therefore, have a lighter shell, and one fastened firmly on 
them. A crustacean ¢ 
it become 
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5. SPIDERS. (Reape IIL, Pp. 24.) 


Tlustrative Objects. A live spider; pictures of a cobweb, 


and of varions kinds of spiders, as hunting spider, garden 
spider, and water spider. Pe 


Experiments and Observations Suggestions and Inductions. 


EDLUETE REDON Insects. — (a) I. (4) Most insects are small ; 
We have already seen that spiders | but not every small creature i an 
stand among the Jointed-limbed insect ( Vid. infra J {V He 
Animals (Arthropoda), half way be- The spider must Bo টি) f th 
Lween crabs and insects. That is, Jointed linbed Ania TEAL 
they have eight legs,—not ten, as | limbs are jointed RACE | 
in crabs, nor six, as in insects. | insects. Tts body, HOWEVER LO 
‘There are other points of differ- | enclosed in shelly plates, as in the 
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Garden-spider 


Fem 


Trap. Nr El 1, native of Southern Eu 
orth America. 1, The Sp! 
St edn Sout and profile. 4, 


in round; the lid, x 
of alternate Tayers of web und earthy is'ct 
down when the spider is inside, anil 
scarcely be distinguished from the groun' 


ETT 


 f € 
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Experiments and Observations. [ Suggestions andInd@ctions. 


ence indicated below, separating 
them from the Crustacea and the 
Insecta. 

(b) Their bodies are divided into 
two, not into three parts, as in in- 
Sects. 

(c) Spiders, moreover, never have 
wings; and insects generally have 
either two or four, in pairs. 


(4d) They have as many as eight 
eyes, while insects have only two 
(‘‘compound’- eyes). Their eyes, 
too, are on the top of their heads, 
not at the sides. 

(e) Spiders do not go through 

the changes (metamorphoses) that 
insects do, as grubs, then as pup, 
and lastly as the ‘perfect insect”. 
They are “perfect” spiders, though 
small, even when they first come 
out of their eggs. 
. (ff) Spiders have poisqn (venom) 
in their jaws, [his insects never 
have, though they may have it in 
their stings. M3ny spiders spin 
Webs, which insects never do. 


Crustacea, but in a tough leathery 
skin. 


(L) We often speak of a woman's 
narrow Waist as a ‘‘spider-waist”, 
because of this division.® 

(c) As they do not possess Wings. 
they cannot fly-in the air; they 
live on land (or water), and Lge 
Suffice for locomotion. . 

(d) These eyes are too small for 


us to see; but not too small for the 


spiders to see 1s with. ‘they can 
make good use of them in peeping 
about for prey. 

(e) In this respect they.are like 
birds, coming out of their eggs; 
not like tadpoles and insects, 
which begin life as one kind of 
creature, and end their days in 
another and very different kind 
of form. 

(f) In having poison they are 
like poisonous snakes, like the 
scorpion, and, even like some 
Poisonous fishes. 


I. Description. — (a) 
have bodies divided into two parts, 
often with a very slender ‘waist’ 
between them. In this sub-division 
of the body they agree with the 
Crab Family (Crustacea). 

(b) Spiders Eenerally travel on 
land Or water by means of their 
legs, like crabs. Some of them 
can also travel through the air 
but not on wings. These shoot 
out a long fine thread, which the 
wind carries before it with the 
spider attached to the end, as a 
fh might be borne down stream 
at the end of a fishing-line. 

(c) A spider's eyes, which are 


not at the sides of its head, but. 


on the top surface, are separated, 
80 as to be able to look all 
round, as the crab does with its 


Spiders f 


II. (a) The size of the, waist 
differs very much in the ditferent 
members of the family, as we see 
in the pictures of the hunting, 
garden, and trap-door spiders. 


(b) This explains why hunting 
dogs in autumn sometimes wipe 
their faces with their paws, after 
they have been running amongst 
ledges and bushes. ‘The long 
threads of the “gossamer” spider 
have blinded their eyes. We see 
these threads and” cobwebs on 
hedges, ‘from the dew beads on 
them glittering in the senlight. 

10) “Ur eyes and the eyes of all 
tlhe other backboned’animals' are 
single: that is, Single in the sense 


that each eye is reall: 
) 1 ly- only one, 
like a window consisting of one 


Wr 
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Experimgntssand Observations. oy cl 
TE 


Suggestions and Inductions. 


stalked eyes. Th¢ spider has no 
feelers, as crabs and insects have. 
This makes a larger number of 
eyes than usual all the more use- 
ful to the spider. 

(d) ‘Theo spider makes its own 
poison. ‘This flows down from 
the poison-bag through the bot- 
1" jaw, 50 as to run into the 
Kyotnd which the spider makes in 
biting. Tt thus stnBefics the gnat, 
fly, ete., Which has been bitten. 

Hs , Qhough this venom thus 
kills,the prey yet whei the spider 
cats the prey, the poison does not 
hurt the spider itself. 

As the poison is made out of the 
spider's food, the same fly which 
furnishes a meal to the spider also 
furnishes the material for the 
poisor with which another ‘‘meal” 
may be secured. % 

(2) Some spiders make ‘‘nets” to 
catch their prey. These nets are 
called ‘‘cobWebs”. They are made 
of fine, but very Stong, “silky” 
threads. These the spider spins 
out of a thick, gummy liquid made 
inside her own body from the 
jiflces®f her food. f 

‘The ‘“‘spinnerets™, from which 
these threads come, are at the end 
of the body geome), and ave 
from four to eight in number. 

piders also make ‘‘silk ”-bags 
of“cobweb in which to hold their 
eggs. One kind (the trap-door 
spider) lines holes in the ground 
with this web, and out of the same 
material even makes trap-doors, or 
lids, to fit these holes. 

(f) Some spiders do not lie in 
wait in or near cobwebs to catch 
their prey, but craftily hunt it 
down. 


pane only. But what we call the 
“eye” of insects is really an ‘“‘eye- 
mass”, like a window of many 
panes, through which one can look 
out at the world outside. 

(d) Animals which are killed by 
others do not often suffer much 
pain, nor fright. They soon die 
from shock, just as if they were 
stunned, and so do not feel 
what is being done to them. Some- 
times this is still more the case 
when poison is used,,as by venom- 
ous snakes, scorpions, etc. It is 
very strange that the poison which 
kills the prey, does no harm te the 
animalethat makes and uses it. It 
Would seem from this that what is 
poison to one animal is not so to 
another. ‘This reminds us of the 
proverb, ‘‘What is one man’s meat 
1s another man’s poison”, 

.(e) Every different animal has 
its own Way of snaring, or taking, 
its prey. 

‘The cat and tizpstealthily wait 
for it, the lion mihs it down, some 
dogs scent it out. Lobsters “feel” 
about for it with their ‘‘feelers”, 
Spiders catch it in ‘‘nets”, as bird- 
catchers and fishermen do their 
prey. 

Bees similarly make honey and 
wax inside their bodies out of their 
food. ১ The spider, instead, makes 
material for spinning cobwebs. 
But thismust come from her.food, for 
if we break down her cobweb, time 
after time, so that she can get no 
food, at last she can no longer spin 
u web. 

(f) But even these hunting spiders 
are crafty in their approach. They 
creep up to their prey like a cat, 
rather than run it down like a dog. 


JOU The Cobweb. —(a) First, 
the spider squeezes out a little 
of the thick, gummy liquid from 


IT. (a) These holes and swell- 
ings out of which the threads come 
are called “spinnerets”, because 


he. 
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Experiments and Observations, * 


L Suggestions andenduyptions. 
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one of the bags inside her. It 
comes out of the tiny holes at the 
ends of the “spinnerets™, This 
liquid she sticks on a twig, etc., 
and walks away, drawing out 
the thread as she goes. ‘The 
thread at once ‘“‘sets”, or becomes 
hard and strong. It is really 
nude of severnl threads Spun or 
twisted together. (Vide Standard 
IT., Cotton.) 

(b) This is the beginning. The 
end is, that the spider has made 
« radiatinyy framework like the 
Rees of a wheel, and joined 
these ‘‘spokes” by circular (spiral) 
threads. ‘These latter threads have 
thousands of tiny drops of gummy, 
Sticky fluid beading them, to hold 
fast the insects that settle on 
them. 


| make one stronger thread. 


they spin. Spinning always con- 
sists of twisting round each other 
several finer threads (of cotton, 
| linen, etc., and even of rope), to 
It is 


0 here. We see fronp this that 


kinds of work? al 

(b) The framework is fike the 
spokes of a wheel in thersenseof 
the “rays’™all comirz out from w 
centre. The spirals are something 
like the rim of the wheel. Only 
there are many rims, and each oneis 
not a complete circle, but they all 
run round in*& corkscrew fashion, 
or what we cull u ‘‘spiral”, 

n 


lV, Spider Family. —'Phere are 
many members in this fani.ly. 
Sides garden, hunting, house, 
trap-door spiders. there are a 
Water spiders, sta spiders, and 
cheese mites. 


can divide the family int land 
spiders and water spiders (in fresh 
and salt waters, just as we divide 
birds into land birds and aquatic 
birds. 


(>) 


TEACHING NOTES. 


TL. There is 
(except so far 


this prejudice, 


@“ prejudice against spiders, which is unfortunate 
AS spiders are recognized 
housewife or aid-servant). The teacher should. 


as indications of an untidy 
attempt to combat 


by dwelling on the adaptation of means in their 


Structure and their webs to their life-work. 


It is very important to 


discriminate between these Arachnida 


and Insecta, as the error of confusion is so common : but this will be 


better done after the next lesson on Insects. 
a small glass vessel 
class may see for themselves Some of the more 


should place together in 
a bee; that the 


Here the teacher 
a common spider and 


obvious differences between these, as representative types of the 
~ Pes 


two Classes. 


IT, In the country this lesson may be given in the playground 


in front of an actual cobweb. 


The plan of 
radiating supporting “beams” on which the 


architecture, and the 
spiral rafters” are 


wade fast, should be shown, and attention called to the many points 


0 


inan might have learned how to 
spin from so lowly a creature as 


the spider. Many other nin Me 
tench man how to do many other 


IV, From this we see that we” 


< 
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of support. With regard to the soft sticky little beads on the spiral 
threads, notice that these do not “set? with the rest of the thread, 
but remain stjeky for days. Peint out the advantage of this to 
the “netmaker”, in holding fast the captured prey. 

. 


6. INSECTS: THEIR STRUCTURE. 


I (READER IIL, p. 29.) 


™ Tustrative Objects. A living and a dead bee, wasp, 


Qookroach, beetle, housefly, and butterfly. A moth, a grub, 
and a schrysalis. * As many pictures of insects as can be 
procured. A dragram of a typical insect, divided into three 
principal poytions, and each of these sub-divided ifito segments, 
with the appenduges. j 


Experiments nnd Observations. |  Sugbestions and Induoctions. 
7 | 
|| 


I. Special Insect Sthucture.—(a) | TL. (a) ‘Although insects have 
We have already, in the lessons on | jointed limbs, like animals of the 
the Bee and on the Spider, stated | crab and the spider classes, in 
that the following are the chief many w they differ from other 
points in which insegts are differ- jointed-] bed animals; just as 
ent fram other Jointed-limbed | ents differ from some other Vensts 

of prey, to which in other respects 


animals: — A - 
5, they are similar. © 
(1) Vhere ave three pairs of |  (1)-(2) We sec that these legs 
™ jointed legs, carried on the middle | (like the wings), ave in pa and 
portion, or chest (thorax). | that, as in crabs and spid they 


ure not fastened on the belly’ but 


5) ‘Whe belly (abdomen) has no 
SHEL ed ts on the chest. 


limbs attached to it. 


(3) ‘I'here is only a single pair of (3) In the lobster, etc., there are 
Jeelers (antenn:e). two pairs of feelers. 

(4) ‘There ure mostly two pairs (4) The wings of insects differ 
Of wings, carvied, like the legs, on ' more than any other of their organs 
thé chest. except the jaws. + 


(b) We may now go on to note 
from the specimens some other 
marks of I noire = “| 

]) Insects breathe by means of b RETA 8 ‘ 
Bellin tubes in the sides of the oe (A ERE ROLL OR 
body, These have mouths open to the open mouths of the fin breath" 
Re Erb EU Protected by | ing pipes let the air into the ine 
Re EN in out the dust. terior of their bodies, as our mouths 

EE AE UL also, for a time, | do into the small ¥asselslOt ols 


keep out water. lungs. if 
AE head, chest, and belly. 2) ‘The head and chest do not 
are all distinct from each other run into one mass, as in the case 


of spiders and crabs. 
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নম 
Experiments and Observations. 


2 Suggestions and“Inductions. 


(3) The body is made up of rings 
(segments); with limbs, or oth 
Organs, as Wings, feelers, jaws, 
etc., coming off from some of these. 
‘These rings are most plainly seen, 
generally, in the belly portion 
(abdomen). 

(4) There is an outside tough 
shin, or outside skeleton. 


(5) Some insects have, in addi- 
tion, front wing-cases, hard and 
tough, to protect the hinder wings, 
as In beetles. These are to suit 
spesvial needs. 

(6) ‘The jaws are generally either 
biting (or chewing) jaws, as in 
beetles; or sucking jaws, or other 
Similar organs, as in butterflies. 

But in some instances the jaws 
are used for both biting and suck- 
ing, as in the bee, according to 
the special needs of the insect. 


(7) The eyez 2ze not single, or 
simple, but are made up of very 
many single’ ones; they are not 
En stalked like those of the 
crab. 


(3) We saw ip a previous lesson 
that the earthworm also consists 
of rings. But in that case the ) 
rings were nearly all alike; not | 
making three different divisions 
of the body, as in the insects. 


(4) This skin is not shell 
in the Crustacea; nor ma 
scales, nor plates, as in fishe 
reptiles. a 

(5) As these. insects generally 
make holes,.under groundfvr crawl 
under rocks and stores, we see why 
these tough front win/-cases, or ett 
Wing-covers are so useful. 0. ers 

(6) The kind of jaw will depend 
on the kind of food eaten. When 
this food is Wood, leaves, etc., the 
jaws are biting. .When it is RS 
liquid food, the juice of flowers, 
etc., they are sucking jaws. Bees 
must have sucking jaws to get 
the nectar of flowers from which to 
make honey. 

(7) We can‘see either out of one 
large pane to a window, or out of ' 
many small panes in it. ‘The latter 
may be roughly compared with the 
‘‘compound” eyes of insects. 


IU Changes of Insects.— (a) 
Some insects have three different 
lives; or rather three different 
stages of one life. These are:— 


(1) The grub, caterpillar, or 
maggot stage; in which eating is 
almost the only kind of work done ; 
as in our common garden cater- 
pillar (grub of the white cabbage 
butterfly). 

(2) The chrysalis, or pupa stage, 
in which the grub goes into a 
cocoon, or coffin-case, of its own 
spinning or making, to lie by for a 
time, and to rest from work. 

All this time of lying by, the 
chrysalis is either waiting for 


IJ. (a) These stages of insect life 
remind us of the tadpole and frog 
stuges among the Amphibians, and 
of the different modes of life, on 
land and water. be 

(1) In this work of eating, the 
caterpillar is like the young of the 
backboned animals, which are 
mostly, however, much more help- 
less, and dependent on their V 
parents than grubs are. 

(2) If we examine one of these 
chrysalides ransacked out of a dry 
cosy corner, or from a sheltered 
hole in a tree, wall, etc., We see 
liow snug, safe, and warm the 
‘“‘lodger” is inside. Ti seems to 


be dead and buried; but its life is 


“fl. 
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Diagram showing the parts of Insects. 
¢, abdomen; dd, elytra; ee 
antennte. ° 


abbage Butterfly. 


Metamorph 
caterpillar; c, chrysalis; d, the perfect insect. 
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2) 
Re ৰ ই, 
Experiments aud Observations. oo Suygestion: 


nd Tnduetions, 


Winter to pass, or is slowly | only “dormanta”, or asleep for a 
changing into its final form (the | time. 
‘‘imago®). hy EU h 

(8) The “perfect insect” form, as (3) This stage is ‘per; ect”, be- 
in the butterfly and moth; with | cause it is the last and highest 
Jointed limbs, and mostly with two | reached by the Insectn All the 
or four wings. parts (eyes, wings, ete.), are now, 

ln this stage the Winged creature | full-grown. We see the results of 
flies about for a longer or shorter | the work of the ‘‘ perfect instct 
time; and the female lays eggs to | of the white cabbuge butterfly, in. 
produce another generation of its | the egys it lays on the umder side ED) 
own kind of insect. of cabbage leave tte 0. 

(bh) But sone insects do not (b) We spe something ®of this 

ASS through all these stages. | kind among birds. Some are kelp- 
Nuch insects, when full grown. less, and without feathers, when Fz 
never have wings, and for this they are first hatched, ».., linnets, 
reason they are called “Wingless thrushes, laries, lurks, ete. 
Insects”. ‘These come out of their Others are bpm with feathers, or 
CEES at first just of the sume shape down; as in the “fluffy” chickens 
as they remain all the rest of their able from the first to. pick up their 
lives, only they are smaller than | own living. 
When full grown. 

IJ. Metamorphosi: — (a) The TI. (a) ‘The pre! ix nel és used 
Series of changes in structure passed | in words to denote chanye, while 
through by an‘ imal after hatch- morph is from a word meaning 
ing from the egg is known by the shape, or Jorm.- ‘The word meta- 
name of Metamorphosis. This is | morphosis, therefore, refers to 
most marked, and is carried out to | change of form, or alteration of 
the grentest extent, in insects. structure. 9 

(b) But these changes are not (b)-(d) As animal structure de- 
limited to insects ; they are also pends on function, and function 
found among other animals without reacts on structure, any great 
backbones (Myriapoda), and even ‘difference of surroundings (as be- 
wmong the backboned animals tween winter and summer, aquatic 
(Amphibia), as well Seen in the | and terrestial environments, i) 
tadpole. must tend to bring about differ 

(c) These chunges are really | ences of structure. 
stages in development suited to the Thus, some insects are hatched 
habits and Surroundings of the | in water ; and the larva Stage of 
animals undergoing them. ‘Thisis | their life is therefore passed in 
well seen in the fe history of a | aquatic urroundings. 
tadpole and frog, and also in the Ata later stage they live on land, 
different stages of insect life. In | or in the air, Their Structure 
their early normal condition, in- | must therefore Ve metamorphosed, 
sectso frequently cannot resist. the | to enable them to crawl or to fly. 
severity of winter. ‘They there- | Otherwise they wonld perish, and 
fore often have a dormant period, | the race Decome extinct. They 
in which they lie by, with all the | could not maintain the “struggle 


h 
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Cockehafer. 


a INSECTS 
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INSECTS: THEIR STRUCTURE— Continued. 


Experiments and Observations. ® 


0 
Suggestions ané Indnuctions,. 
« 


Processes of life checked for a 
time. 

(d) Even if they could resist the 
severe cold, there would still be 
no vegetable foodl— green leaves, 
fruits, nectar of flowers, etc.— to 
sustain them. This intermediate 
Passive stage of existence between 
the actively feeding grub, and the 
active, pleasure-taking “perfect 
insect”, is therefore necessary to 
their continuance as a race. 

(e) Again, the egy of a bird con- 
tains sufficient nourishment to sus- 
tain the young life within it for a 
long time. ‘Ihe eggs are thus 
‘baby ”, “cradle”, and “sfeeding- 
bottle” all in one, as in the seeds 
of plants. 


(/f) But, in other cases, the eggs 
of animals do not contain sufficient 
nourishment to enable the “baby” 
to start in the race ofdlife on its 
Own account. ‘The young when 
hatched are, #herefore, only in an 
incomplete foLin. They must 
undergo great changes in dlevelop- 
ment before they can perform all 
the duties of life, especially that of 
laying egys for the continuance of 
the race. It is thus that the 
butterfly only lays eggs-- not the 
caterpillar, nor the chrysalis. 

But all insects are not alike in 
this respect: so we divide insects 
into two groups :— 

(1) Those not undergoing meta- 
morphosis. 

(2) Those undergoing metamor- 
phosis. 

(1) The Wingless Insects (Ap- 
tera) represent the former. When 
full grown they ave of the same 
form as when they emerge from 
the,egg. They change in size only, 
and never have wings. 3 

(2) The second group is sub- 
divided into :— 


for existence ” against those better l 
fitted to occupy the room, and 

to take the food, of which they \ 
seek to obtain a share. = চশ্র 


h 


le) 9 
(e) Among birds there ere differ- 
ent stages’ of develspment, when - 
the egy is hatched. “Some are 
fully fledged, and capable, from the on 
egg, of foraging for themselves 
with little parental uid; as chickens. 
Others are thfledged and helpless 
for days after hatching. 
(f) As the most powerful ugent 
in modifying function is food, it 9 
follows that food-supply is also the 
most important cause of change of 
structure. a 
Some insects, from the first, have 
sucking, and others biting jaws, 
according as their food is theliquid 
nectar of flowers, or the solid leaves 
of plants. oi 
As may be seen in the caterpillwr 
of the common white butterfly, 
and in the perfect insect itself, the 
unimal, when in na “larval State, 
biting jaws, but is furnished + 
With sucking. jaws in its fully®de- 
veloped state. ‘This is to meet the 
special needs of special stages of 
existences. g 
These changes in insects lead us 
to understand the metamorphosis 
of animals generally. That is to 
say, the animal world shows simi- 
lar changes of developmefit in other 
instances. Only, the clfanges be- 
come most marked, and obvious, 
in the particular case of the Com- 
plete Metamorphosis )f the larva 
into the pupa, and the subsequent 


oo 
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INSECTS: THEIR STRUCTURE—Continued. 
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Experiments and Observations. 


Suggestions and Inductions. 


(a) Those that are incompletely 
changed by. metdimorphosis; in 
which the difference between the 
grub (larva) and the perfect insect 
(imago) is not great. 

(b) Those that are completely 
changed ;in which this difference 

is most marked. 


change of this into the imago, or 
perfect insect. & 


CE 


( Ts INSECTS: RELATIONS AND VARIETIES. 


“TuStratjve Objects. The same as‘in the preceding lesson. 
0 E) 


Experiments and Observations. 


Suggestions and Inductions., 


TI. Relations to other Animals.— 
(a) Insects belong td¥he great sub- 
kingdom of the Annulose; and, in 
common with animals of that sub- 
kingdom, they possess the following 
general characteristics :— : 

(1) The body is divided into 
Tings, or seaientls. 

(2) There is a double nervous 
chain running along the length of 
the body. 

(8) Limbs are generally present 
wDsome stage of life. 

(Db) The simplest type of these 
muy be represented by a succession 
of segments (as in the caterpillar), 
with a food-tube, or digestive tract, 
running through all of them. 
Parallel to this, but not extending 
through the whole length of the 
body, is a circulatory tract, or 
blood-vessel. Both the circulatory 
and digestive tracts are enlarged 
in the middle, thus faintly fore- 
shadowing the heart and stomach 
of the higher animals. 

(c) ‘Tie Annulosa are divided into 
two groftps:— 

(1) ‘Those without limbs dis- 
tinctly jointed to the body, as 
Worms, etc. 2 

(2) Those with jointed limbs dis- 


OE 
I. (a)-(c) There are so muny 
very important likenesses between 
Worms, crabs, spiders, centipedes, 
bees, etc., that we are obliged to 
group these animals together. 
This large group of animals is 
known a a ‘* Sub- Kingdom”, 

But there are also differences be- 
tween the members of this Sub- 
Kingdom. Theswdifferences, how- 
ever, ure not so marked as the 
likenesses. We therefore get the 
smaller groups called “© Divisions” 
of which there are two, as below ক 

Sub- Kingdom, Annuosa:— 

Division I., Worms, ete., An- 

arthropoda. 

Division IJ. rthropoda. 
. Of these two divisions, the latter 
is the more important, so we here 
dismiss from our minds the smaller 
and less iinportant division of the 
Worms, etc. 

Amongst the Arthropods there is 
enough resemblance to cause us to 
group them together under uw 
Division; there is enough differ- 
ence to make us divide them into 
four distinct Classes. gf 

‘The likenesses and the differ- 
ences are set down in the left-hand 
column. 
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+ 1-4, Scales from the Wings of different Butterflies, seen with the 
microscope ; 5, A single scale. 
[4] 
INSECTS: RELATIONS AND VARIETIES, — Continued. 
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Experiments and Observations. Sugyestions and Inductions.. 
ডৰ ্ . 
0! # ন 
tinctly articulated to the body, One of the most obvious differ- 


hence called Jointed-limbed Ani- | ences in the four lasses is the 

mals (Arthro number of limbs. ‘There are ten, 
‘These Jatt 

classes, viz. :— rea, whence their name of decupoda, 
(1) Class — Crustacea: crab, lobs- | or ten-footed animals; there are 


ter, shrimp, prawn, ete. cight,(fonr pairs), in the Arc@hniie; 
(2) Clauss — Arachnida: spiders | there are six (three pairs), in the 
and seorpions. Insecta; and the limbs are niore 
(3) Class — Myriapoda : centi- | numerous thu ten in the Myria- 
pedes. Poda, whence their scientific name 
(4) Class — Insecta: bees, flies, “‘ten-thousand footed ”, and their 
ants, etc. Popular name of “ hundred-feet”, 


All these four (lasses agree in 
the following respects :— 

(1) The body is divided into 
SeyMents. 

(2) There are hollow, jointed 
limbs, or other articulated parts 
of the body. 

(3) The -nervous system is ar. 
ranged in a double chain along the | differences as these are the Keys to 
length of the body. 3 others, and enable us to roup to- 

(4) ‘The head consists of from | gether animals that —at first sight 
four to six segments. seem to be removes, and. to 


But obvious likeness and differ- 
ence are not often important. ‘The 
Important features are generally 
iuore deep-seated, and require 
search to discover, as in the 
nervous, circulatory, and digestive 
Systems, etc. লই 

Such deep-seated likerfesses and 


Tn eT ET 
are subdivided into | (five pairs), as a mle, in the Crusta- 


- 
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7 Experimentsand Observations. 
~ ° - 


Tn addition fo these character- 
istics common to the Arthropoda, 
the insect portion of it possesses 
. the special features given in Sec- 
» tion 1. of Lesson 6. 


9 Sugyestions and Inductions 


separate such as—at first view — 
seem to he connected. 


Il. Kinds of Insects. — In Lesson 
we divided Insects into two 
heat divisions. ন 
But there are so many insects, 
tnd they are in se many ways 
differenterom each other, that we 
again suhp-divide tlfem into smaller 
groups. CC) 
FA Ronge ihe most important of 
these smaller divisions ure the fol- 
lowing :— j L l 
(1) Those without wings: as in 
the vermin on birdg aud other 
unimals. A a 
(2) Those with two pairs of Wings 
(generally), and with sucking 
aouths; as the green fly ( aphis”). 


(83) Those ewith straight Wings 
like the cockroach often with 
strong hinder, jumping legs, as in 

© the cricket and grasshopper. 

Of these straight-winged insects 
thacricket lives in the house; and 
the grasshopper in the field. 

4) Those with wings full of 
‘cperves™ or hollow “ribs”, to let 
jn the air, and looking like lace; 
as in the dragonfly. 


6) Those with a front pair of 
wings only; as in the house-fly. 
IPhis, however, has other struc- 

“ tures (‘‘balancers™) showing that 
both pairs of wings are represented. 

(6) ‘Those with scales (fine 
feathers), on their wings, as in 
butterflies and moths. Nome fly 
bout in he day, others at night, 
And others again at twilight, or at 
dusk. ি 

(7) ‘Those with four Wings, with 
few ‘‘nerVves” to them, as bees 


Il. In the same way among 
beasts of prey (Carnivora), there 
are so many that we are obliged to 
make another sub-division. Cats 
and tigers, for instance, are alike 
in their characteristics ; but they 
are also unlike dogs and bears. 
This is found to be whe case like- 
Wise in nearly all the divisions of 
animals; they all sub-divide into 
smaller groups. 

(1) ‘These ls to the unimal on 
which they prey ; so do not require 
winys with which to fly about. 

(2) These have the proper num- 
ber of wings, us insects; but differ 
from the rest of winged insects in 
other resfocts. 

(3) These cockroaches are not 
‘‘beetles”, as they are often called 
(‘‘black beetles™R and are not 
lack, but of coffee colour, The 
“jumpers” with their large hind 
legs remind us of frogs and kan- 
garoos. 

(4) These hollow Wing-ribs re- 
mind us of the hollow Vones of 
birds: both are useful for the 
sume purpose, — to make theowners 
ight on the Wing, 

(5) We see behind the front Wings 
the ‘‘Inobs”, or “balancers ? which 
sliow that these wonld really com- 
plete the four Wings of insects, if 
they were properly developed. 

(6) ‘These ctscales”? come off in” 
our hands when we capture butter- 
flies, ete. Under the microscope 
the scales are seen to be ‘feathers ™ 
of most beautiful colours, and of 
various shapes. 

(7) It is amongst these that we 
get the ‘‘social” insects; or those 
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Experiments and Observations.~ | 


j 
Suggestions and, Inductions. 
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(hive- and humble-bees), wasps, and 
ants. 

(8) Those with hard horny front 
Wings, used as cases to protect the 
hinder pair, when the insect is 
crawling under stones, burrowing 
in the ground, etc., as in beetles 
Proper. These are called ‘*wing- 
Cases ”. 


that club, live, and work together 
in a common louse, hive, or nest. 
(8) Among theseare dung-beetles, 


which lay their eggs in balls of . 
manure, und roll these about to: 


make them hard and firin, thus pro- 
viding food for their young when 
hatched. cA 
K 


III. Relations of Insects to Man. 
— (a) Of Good Service, 


(1) Some Wake wax and honey; 
as bees. 

(2) Some creep into flowers and 
ke their seeds fruitful, so that 
these will grow into plunts; as 
Dees, etc. 

(3) Some are used in making 
dyes; as the cochineal insect, for 
red dye. 

(b) Of Ill Service. 


(1) Some are trou’ lesome as 
Pests in the hair (vermin), or under 
the skin (as iy some skin diseases). 

(2) Some eat the roots of plants; 
as wireworms. 

(3) Some eat the juices of plants ; 
as the green-fly (‘‘aphis”), and the 
black fly, or “blight”, 

(4) Some eat the leaves of plants; 
AER etc. 

Ome ea ants 
1 t up all the plant; as 

(6) Some eat the timber of houses ; 
as ants in some hot countries. ? 

(7) EE Plague man’s domestic 
animats, the cow, ete. ; nd- 
fly and horse-fly.’ treed 


IIL. (a) (H-(3) These creatures 
do not know they are. working 
for us. ‘They work as for them- 
selves. When we take the bees’ 
honey we ought to leave then. some 
for winter, or give them sugar 
instead. We see bees at their work 
among the flowers, and notice that 
they go down to the bottoms of 
them to get at the sweet juices 
there. 

(Db) (1)-(7) Many insects live on 
each other. So it will not do to 
kill all the wasps, or there will be 
nothing to kill the gneen-dies upon 
which wasps feed to a great exten’ 
Nor must we kill all the birds, 
many of which also live on insects, 
and specially feed their young ones 
on grubs: or else the insect pests 
would so iverease that they would 
ent us out of house and home. This 
the locusts do in some countries, 
even eating the thatch off the roofs. 
This also ants do in hot countries, 
consuming the wooden pillars and 
framework of the house. 

But there are insects that ought 
always to be killed, such as fleas, 
and vermin in our hair and skins. 


TEACHING NOTES. 


The members of this extensive class of 
mest interesting from their numbers (both of kin 


animals (Insecta), ave 
ds and of in- 


dividuals in each kind); from their relation to flowers, and to 
other animals, especially to the domesticated ones: from their 
service or their disservice to man ; from the wonderful metamor- 
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phosis they generally undergo; from their social industry ana 
9 government (in bees and ants);0 and from their general keen 
“intelligence” (instinct), in theeuse of means to definite, aud often 
co-operative, ‘ends. Their lessons to us in this last respect, as 
quoted in the Btble with reference to the ant and bee, should be 
constantly: referred to by the teacher. ‘These afford, in the most 
attractive form, a moral as to obedience, foresight, industry, mutual 
es help, persistence in overcoming obstacles, and the virtue of making 
the niost,of raw materials. 

The very great modification of organs in the different Orders — 
€ Specially of the wings and jaws — will afford the very best examples 
“ Abf adaptation of means to ends, and of provision of these means, in 

the whole animal creation. ‘This is shown in a form always 
particwlarly interesting to children, who naturally love insect-life, 

aud mostly, until led astray, feel no disgust at any forms of it. 
| A At this gtage, the teacher must take great care not to use 
| technic zoological names indiscriminately. Gradually, as op- 
Le PER arises in these lessons an animal life, the children aay 


bl ce led to comprehend that the animal kiugdom is divided into sub- 
kingdoms; these into classes; these again into orders; these into 
| families ; these in®o genera; these again into species; in each of 
| which thereamay be varietzes. 
e 
oO 0 0 
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8. SOFT-BODIED CREATURES. 
(READER IIL, p. 383.) 


= xe: 
Illustrative Objects. A living slug, and a snail. A boiled 
periwinkle, whelk, mussel and cockle. A live oyster. An 
uflivalye or bivalve shell that can be procured (as Shells 
whelk, snail, cockle, etc.). 


iments and Observations. | SER 
Exper ations. Suggestions and Inductions. 


A Snail.—(a) Here is a garden | (a) The flesh ii th 
snail, which may stand for the ni is ন, au AE Rn 
“Soft-bedied Creatures” generally. | thrush are very fond of garden 
We have already learnt something | snails, and they know how ত get 
about these in speaking of the lim- | these soft-bodied creatures ont of 
pet, mussel, and whelk (Vide supra, | their hard shells, by breaking the 

ackbones and no Backbones). latter or pecking out the soft 

flesh. 
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‘The Garden-snail. 


“i, Eggs of snail 
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, Shell taken front egg { 3, Young snail ; 4, Full-grown snail. 


SOFT-BODIED CREATURES— Continued. 


Experiments and Observations. 


Suggestions and Induction. 


(Db) _As in those other an-inals just 
mentioned, the soft flesh of the 
Snail is protected by a shell. 

Like the whel-., the snail is not 

fastened to its shell as the oyster 
i8,—a prisoner in its own house. 
‘The snail can crawl partly out of 
its shell if it requires to do so, but 
cannot entirely leave it. 
,_(c) As in all those three cases 
above, however, the shell is not 
only at first made by the owner, 
butitis also made larger and larger 
as required by the increasing size 
of the animal. 

A fold of soft skin, called “the 
mantle”, covers the back of the 
snail, and gives out the chalky 
matter to form the shell. 


(d) We see how the snail's shell 
is made larger and larger as re- 
quired, by noticing thut the largest 
room is always the last added. The 
first room is begun at the smaller 
end, und the shell is increased in 


() To get dut an oyster we are 


‘obliged to use an oyrter Knife to. 


cut the strong white band that 
fastens the creature inside to its 
shell. But we can pull out u peri- 
winkle from its shell, and could do 
50 to a snail if we could get; good 
hold of it. ' 


(ce) Crabs, lobsters, ete., also 
make their own shells. Only these 
shells are fastened to their bodies, 
except when the owners cust them 


off to make room for larger ones to © 


take their place. The grubs of 
insects do the same with their 
softer outer covering. ধ 

This work of the ‘‘mantle” in 
the snail, is done by all the onter 
skin of the crab. 

(d) We ean see this spiral turn 
in most single shells, ifwe lock 
closely enough to find it. But 
often it is not nearly so plain as in 
the snail's shell. Sometimes, in- 
deed, it requires very sharp eyes to 


9. 


V৮. 


SOFT-BODIED GREATURES. 


SoOFT-BoDIED CREATURES— Continued. = 
Uy 


ExperinentS and Observations. « 
ECG 


Suggestions and Inductions. 


a spiral or corkscyew shape, larger 
chambers being always added at 
the outer lip. There are thus a 
number of “whorls”, or turns of 
the screw, in the completed 
shell. eo 


£00. 


, But in the case of the mussel 


) 


()) 


জত পদ -ৰ&)ী 


EES 
২ . ত (e) The snail's shell, HSE of 
2 by whelk and limpet, is all in one 


or oyster, there ar® two halves to 
the shefl; that is, fshere is a ‘gate’ 
or“‘doer” hinged at the back, with 
tivo, “folding-leuves™ ‘to it. We 
call thes® “valves”. 

(f) The snail lives on land. But 
it ‘is cousin to the: other “‘Soft- 
Podied Crontures”™ wich live in the 
ge; and ther? are also fresh-water 
as wel as land snails. 


(/) “The snail crawls along on 
what looks®o be its belly. If we 
let it crawl up a sIfp of glass, we 
see this ‘‘belly”, or ‘‘foot”, in 
constant movement. ‘The snail 


draws itself up like the earth. 


wtrim,sbut not by the same means ; 
and then pulls up the hinder part 
of its body after it. ‘These move- 
ments are carried out, as our own 
are, by means of muscles. খু 
«(h)" To guide it, the snail Is 
fetlers or ‘horns, which may be 
compared with the feelers of crabs 
and insects. Only here they are 
made of the same soft fleshy sub- 
stance as the rest of the snail’s 
body. Lg 

here are eyes at the tips of the 
horns. This is the first animal 
we havé yet mentioned whose 
eyes are not in, or very near, its 
head. by 

But some of the snail's rela- 
tions have no eyes, and even no 
head. 


find it out; just as everybody does 
not see at first that the house-fly’s 
‘‘balancers” are really the “buds” 
of what night become a second pair 
of wings ( Vide supra). 


(¢) So we may divide our “‘Soft- 
bodied Animals” into three groups, 
according to their shells: 

(1) Those with a single shell ; 

(2) Those with a double shell; 
and 

(3) Those with un shell. 

But those with no shell generally 
have had a little one when they 
were very young. ® 

(f) We might also divide the 
‘‘Soft-bodied Creatures” into two 
groups, according to their homes: 

(1) Into those living on land; 
and 

(2) Those living in water (fresh 
or salt). , 

(9) So here is a"creature without 
limbs, able to more about from 
place to place, asthe earthworm 
also does without limbs. But 
though it has no limbs, it has 
muscles. ‘These are threads of flesh 
which, in moving, pull along the 
owner, or some part of it. It is 
by muscles that the limbs of the 
higher animals are also moved. 


(h) When we look at n snail 
crawling among grass and Wigs. 
we see how it puts out its “horns 
to grope out and feel its way, 
as a blind man, or a man in the 
dark, spreads out his hands in 
front. 

The eyes are “stalked” as in the 
crab, only the ‘‘stalk” (horn) is 
fleshy, and can be drawn in. This 
is a good situation for the eyes, 
as they are thus in front of the 
body. 
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SOFT-BODIED OCREATURES— Continued. 


Experiments and Observations. m Suggestions and Industions. 
a 


its relations among the Soft-bodied | may be compared with other parts 
Creatures have not shells. There | of the bodies of animals, which do. 
is, for instance, the garden slug, | not grow to their full size, but stop 
which is without one, at least with- | short (Rudimentary Organs), as in 
out one large enough to be seen. | the scales that stand forothe wings 
When it is very young, however, it | of a flea, and the ‘“‘knobs” or. 
has a little shell. ‘‘balancers” of a housefly. 


(i) The snail has a shell; but all (i) This smalb shell of the slug 
| 
| 


ন 
TEACHING NOTES. i 


bs 

‘We have now approached a region in the Animal Kingdom with 
vhich the children are less familiar than with the preceding 
nimals, and we therefore deal with the sub-kingdom Mollusca by 
types only. Really it is a very large department of the Inver- 
tebrates, and embraces very many different Classes. ‘The more 
Obvious divisions according to shells, and habitat, are very unscien- 
tific, but must suffice for this early stage of the subject with, such 
young children. 


2] () 


Univalve Shell Bivalve Shell, front and side view. 


The lesson should, of course, be illustrated chiefly by means of 
a living snail and a garden slug; and the children should see the 
“horns” and their movements, and the rhythm of muscular movement 
in the “foot” that brings about progression. Fe 

The food of the garden snail may be shown to be vegetable, by 
the teacher exhibiting. mutilated portions of cabbage léaves on 
which garden snails have fed. | ক 

Tf it is possible to find a snail's shell with a glassy door built up 
by the creature before retiring into winter quarters, it should be 
shown to the class, and kept for future demonstrations. 
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~ 0 
VERTEBRATES (BACKBONED ANSMALS). 
9. CLASS L—MAMMALS: THEIR STRUCTURE. 
(READER IIL, pp. 35, 38.) } 
Illustrative Objects. Pictures of man and of liorse, ith © 
their skeletons. Reader IIL, p. 20. f - ৰ i 
EE PEED Ef [ 


Experiments and Observations. Suggestions and Inducotions. 


I. Important General Features. IAC) 
—(a) Mamnmaalshave backbones with 


'Phés great Class con- 


tuins all the 


ribs, and belong to the Vertebrates, 
and are thus grouped with Birds, 
Reptiles, Amphibians, and Fishes. 
‘Thay are the highest Class of the 
Backboned Animals. 

(b) They have also their own 
special covering of lair, wool, or 
fur, as in the dog, sheep, and cat. 


(ce) ‘The young are fed on mill: 
from their mothers, an are not 
hatched from eggs. 


ll. Special Features.—(a) ‘The 


heart is divideu inside into four  h 


parts, called “chambers”, 
blood is warm. 

(b) ‘There is a flesh-and-skin 
parting (diaphragm) between the 
chest (thorax) and the belly (abdo- 
nen). ‘This is not present in some 
of the other Classes. 

(ce) The lungs are closed bags full 
of sinaller pipes and air-sacs, and 
do not open into hollow bone: 
into other large air-bugs (air 
as in Birds. 


The 


specially all thé quadrupes:—vhe 
elephant, Hippopotamus, rhinoc- 
eros; the whale, ete. Nc bird (not 
even the ostrich) comes near the 
largest of these quadrupeds in size. 
(b) We have already seen that 
the coreringe of the other Back- 
boned Animals are feathers (Birds), 
horny plates (Reptifes), and, scales 
(Fishes). A 
(c) ‘This is the most Siig 
difference between Mammals an 
the other Classes of the Vertebrates. 


UH. (a) These are called “cham- 


| except for the blood which they 


| or in water. 


contain. R 

(b) This is what the tutcher 
calls the ‘skirt’? or “midriff”? in w 
bullock or sheep. It separates the 
heart and lungs from tlhe stomach, 
liver, etc. 3 

(c) Mammals do not require tobe 
50 light as Birds, as they mostly do 
not live in the air, but on the ground 
‘They are therefore 
not buoyed up with air inside. 


III. The Skeleton.— This con- 
sists of Head, Trunk, and Limbs 
as in all the other Vertebrates. 

(0) Head.—This is divided into 
two parts, each consisting of several 


bonds, variously jointed together, 


Bf 
L (1) The Stull, or brain-case, at- 
tached to the backbone by two 


Hil. As the inside skeleton deter- 
mines the build of the body in 
general, and in particular, in Mam- 
mals, the J 
greatcavitiesof thebody (the thorax 
and abdomen), its structure is very 
important. t 

As very many of the, Mammals 
are larye and ponderous, their in- 


largest “wmimals, © 


Crs’ because they are hollow, « 


ze and shape df the two - 


OE 
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| SMASIMALS : HABITATS AND ORDERS. 41 
o MAMMALS: THEIR STRUCTURE— Contimicd. “ 
a 


Jixperirsents nnd Observations. el 


Suggestions and Inductions. 


joints (not by one as in Reptiles 
and Birds). 

(2) Face; including the jawbones, 
of which the lower jaw consists of 


° two single bones connected in front. - 
b 


) Trugsk.-—This consists of (1) 

backbone; and (2) ribs (with the 

“east hone and collar-bone in ad- 
ition). 

6 (1) Backbone (vertebral column), 
made up of separate or combined 
joints or vertebrer, and divided 
into grGhps or “‘reyiong”, Viz. 

"The Jeci® vertcbrie (cervical), 
generally consisting of seven separ- 
ate vertebrie 

The Dorsal vertebrie, generally 
thirteen in number (but varying 
from ten to twenty-four). 

The Lumber vertebrie, in the 
loins, “mostly six in number. 


ternal skeleton consists of massive 
and more or less solid bones; not 
cartilaginous like those in one group 
of the Fishes, nor fight like those 
of the remaining Fishes and the 
Birds, nor hollow, as those of the 
latter. 

As a rule the limbs are suited for 
walking on the ground ; in the case 
of the aquatic Mammals, however, 
these may be rudimentary, as in 
whales, or be modified into flip- 
pers, etc., as in seals. ‘Thisisa 
remarkable adaptation of structure 
to function. 

A similar adaptation is evidef#tly 
neededvin the case of the “flying” 
monkeys, bats, etc. But these never 
have anything corresponding in 
structure to the reul wings of 
Birds. 


y All these have a slight freedom ‘The massive size and strength of 
yt of motion on each other; the re- | the backbone is evidently suited 
mnainder are more firmly united, | to the needs of the owners, in the 
ending ina single bony mass at | ease of the large Ruminants, Car- 
the bitse of the spin#l column. nivora, and solid-hoofed Orders 
(2) The Ribs vary in number | of the class. ) 
with the dorsal vertebre. 
বব c) Limbs.— These are four in 


nitinber, and are generully present 
at some period of life. ‘They con- 
sist of two anterior (or superior) 
limbs, and two posterior (or in- 
ferior) limbs; both pairs, and each 
member of each pair, symmetrical 
jifstructure. 


|| 


10. MAMMALS: HABITATS AND ORDERS. 


(READER TIL, pp. 35, 38.) 


Tlustrative Objects. The same as in the preceding lesson. 


- বক 
xperiments and Observations. Suggestions aud Inductions. 


ত LEE Mammals Live.—(a)|* IT. (a) These “flying” nam- 
[S ৰ 8 in the air, but are | mals have not wings propery With 
nevertheless neither Birds nor | feathers, but only skin stretched 


PE Bnd * ~ 


J 
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Skeleton of Bat. a nn 


~~ 


al nonin Ae 


Skeleton of the Fore- Same of the Caning Same of the Seal. 
Limb or Flipper of the Whale. A 
Whalebone Whale. 


7, Radius; u, Una; A, Humerus ; L.-V., Digits. 


MAMMALS: HABITATS AND ORDERS— Continued. 


Experiments and Observations. | Suggestions and Inductions. 


Insects; as bats and “flying” 
monkeys. ‘Their “function” of 
moving through the air is brought 
about by different “‘structures”'. 
(b) Some live in water, but not- (hb) The whale, seal, walrus, etc. 
withstanding are not Fishes; as the | can keep their blood warm in cold 


out between very long Foes and Fe 
the trunk, as between the toes of 
the Swimmers among Birds. 


[0] 


from eggs. 


aquadrupeds” are well adapted. 


-) 


LD 
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MAMMALS: HABITATS AND ORDERS— Continued. 


0 


ExperimgntSand Observations. 
oe + 


ত 
Suggestions and Inductions. 


seal and whale. These have warm 
blood, whilst the blood in Fishes 
is cold. ‘They also suckle their 
young, whereas Fishes are hatched 


(ce) Mojt live on the land, 
for which" the four feet of the 


ht some, as the whale, have 
dio hinder limbs. ‘The proper 
number _of toes is®five, but it 
may be feduced tq, one, as in the 
horse. 


water, because they are cased all 
over, or plentifully supplied, with 
fat or blubber, which keeps out 
even the cold of the Arctic regions. 


(ce) The word  “quadruped” 
means Jfowr-footed, and is a good 
nae for all the higher members of 
the Mammals. Some have two 
front toes, as in the cloven feet of 
the Ruminants, with smaller toes 
behind. 


# 0 

TI." Ora®rs.— This great Class of 
animals, like other classes, is sub- 
divided into smaller parts, called 
Orders. There are fourteen of 
these in the Mammats altogether, 
of which we will consider the most 
important, beginning with those 
that are the highest in develop- 
ment, as we have glready done 
in the classification of the Animal 
Kingdom as@ whole. 

© 
(a) Two-handed (Bimana): re- 
resented solely by man, with 

two hands (not four, as in monkeys), 
hacingon thumb ‘‘opposable”™ to 
the other four fingers. The body 
is erect; man is a “looker up- 
wards”. 

(b) Four-handed (Quadrumana): 
represented by monkeys, apes, 
ete. In these the hind as well as 
the fore-limbs can be used as hands 
in clasping trees, etc. 


(c) Insect-eaters (Insectivora) : 


represented by the mole, hedge- 
hog, etc. Here the molar teeth 


(grinders) have sharp points for 
catching and crushing insects, not 
flat tops &s in the Ruminantia, nor 
scissor-lixe edges, as in the Car- 
nivora,. 

(d) Hand-winged (Cheiroptera): 
representeg by the “flying? mam- 
mals—bats, etc. These have a 


II. In the classification of Plants 
and Animals the members aof 
a sub-kingdom are arranged in 
groups, called Classes. A class 
is divided into Orders.  Gener- 
ally, each Order is further 
divided into smaller groups. But, 
as seen below, there are two 
orders of, Mammals represented 
by one type only:—Bimana, by 
man, and Prosboscidea, by, the 
elephant. 

(a)-(b) In thitand the next 
order, the “basis of classification”, 
or “the foundation of the division” 
which is made, consists in the re- 
ference to the limbs ; according as 
two or four of these are used for 
prehensile purposes, that is, as 
hands (as well as for means of 
locomotion). 


(c) Here the food, and the kind 
of tecth used in its retention and 
Abin, form the basis 
c fication of the order. This 
idea is subsequently resumed in 


(e) and (/f). 


(d) In this order we turn to the 
character of the limbs for the basis 
of classification; that is, the 


0 
) 
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> MAMMALS: TIABITATS AND ORDERS— Continued. 


[2 


Experiments and Obse: vations. 


lb Suggestions ED PEL, 


web between the four outer fingers, 
Which is continued to the hind 
limb, and is used for short 
“flights” in the air. 

(e) Gnawers (Rodentia): repre- 
sented by rats, mice, beavers, 

uirvels, hares, rabbits, ete 
These have very sharp, but few 
(generally four) incisors, suitable 
for gnawing or nibbling at hard 
food— wood, bark, roots. etc. 

(Ff) Flesh-Eaters 
represented by beasts of prey, 
wild and domesticated, with 
largely developed canine teeth, 
aunt molars suited for splitting 
bones and for cutting flesh, Some 
of these live on land, others in 
Water (seals, etc.). 

(9) The Elephant Order (Pro- 
Voscidec): represented solely by 
the elephant. This animal has 
10 canine teeth, its molars ave 
few, but very large, and the in- 
Cisors of its upper jaw form tusks. 

(A) Hoofed Animals (Ungulata): 
represented by - the Ruminants, 
Wild and domesticated, in the 
cloven-hoofed section, and by the 
horse, ete., in the solid-hoofed, or 
Single-hoofed section. In both 


Rees the nails ure developed into 
100fs. 


(i) The Whale Order (Ce’acea): 
represented by whales, dolphins, 
and porpoises. Teeth are some- 
times absent in this group, and 
the hind limbs are also absent, the 
fore ones being modified into 
paddles. ‘The body is fish-like 
in form. 

(/) Toothless Mammals (Eden 
tata): represented by the sloth, 
ant-eater, etc., Laing the incisor 
teeth generally absent. 
either without teeth at all, as in 


the ant-eater, or they haye not ! 


complete sets, as in the sloth: 


(Carnivora): 


They are | 


means of locemotion give us the 
foundation of the division. 


(c)-(/) Once more food and the 2 
! teeth serve as guides tq, classifica- 
| tion, as in (¢). But we note tha 
| 
| 
| 


te 


there are also “gnawers™ amoys 
those insects that have biti 
Jaws, .as beetles; and _‘‘flesh® 
eaters” amofig Fishes, Reptiles, 


: 
Birds; and even,among théInverte- © 
| brates, as e.y. crabs, praw2s, etc. 
S a | 


OLEH 


7) } 

(9) Here tlie probaseis, or trunk, - 
gives the name of the order." This 
is a very obvious characteristic, 4 | 


a 
° | 
NES 
(A) These eanimals may be ar- | 
ranged in two groups, according to ' 
the number of toes on each foot, 
thus— ‘ 3 
(1) Odd-toed, as the rhinoccros { 


(three toes), aud horse (one toe). 
(2) Lvren-toed, as the pig, and all 
ruminants (ox, sheep, camel, deer, ! 
etc. ). 
(i) We must include the whale : 
among Mammals (though itis 
aquatic), for it is at one time of its | 
life furnished with hair, is warm- 
blooded, and above all snchles its 
young, and breathes by lungs. 
These characteristics are more im- f 
portant than its habitat. | 
(5) There are, however, many 
‘toothless animals” that are not E 
Mammals; for all Birds, as well as { 


most of the Invertebrates, are 
| without teeth. 


0 | 
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1, Skeleton of hoof of Horse; 2, do. of Sheep; 3, do. of Camel; 
4, do. of Rhinoceros. 
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MAMMALS: HABITATS AND ORDERS—Continucd. 


ৰ [5] EB 
Experiments and Observations. d Suggestions andeInductions, 


(k) Pouched Animals (Marsupi- (£) Of the Mammals this is the 
alia): represented by the kangaroo | section lowest in development. 
and opossum. The female «animals | Its most obvious characteristic is 
are provided with a pouch, for | the pouch, which may be said to a 
carrying their young at an early | take the place of the nest which 
stage of their life. ‘The kangaroos | many other animals make for the! 


have strong hind limbs for leaping. « young. ! 


TEACHING NOTES. al 
0 


The teacher should show that Mammals°agree with, all the 
other Vertebrates in. having a buckbone and ribs; and with sgme 
(Birds), in having warm blood, and a heart, with four climbers: 
but that they differ from the rest in feeding their ydtng, on anilk. 
‘fhe other differences are better reserved to be dealt with in the 
next three lessons. 

The teacher should draw on the blackboard an outline of the 
mammalian heart with its two upper (auricles) aud two lower 
chambers (ventricles), and the partitions between. these. On u 

0 


[2] 


Ca) 


0 
RIGHT LEFT 
AURICLE AURICLE 


b$ 
The Human Heart (Mammal), opened Diagrammatic Form. 
to show the four chambers. 


physiological chart he should show the midriff (diaphragm), |: 
separating the cavity of the thorax from that of the abdomen in | 
man: and also the lungs. 

‘The teacher should point out that the limbs ofs animals 
become modified according to, their habitats into “wings” in bats, 
and. “fippers” in aquatic mammals (seal, etc.). ) 

The teacher must ask the children to name any mammals" 
they know; and he should arrange these in the properOrders to 
shich they belong, according to the grouping given above. 
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io 0 
* MAMMALS (MAMMALIA). (4 SUMMARY.) 
ff 0 
1. The HIGHEST Class of the Vertgbrata in order of development. 
9 The CoveRING,at some period, and on some part of the body, is always 
hair (wool or fur). 
3. The FEMALE is provided with milk to feed her young. 
4. The HEAD is doubly-jointed to the backbone. 
5, The HEART is four-chambered: the BLOUD warm. 
6. The® CHEST (thorax), and BELLY (abdomen), are separated by a 
diaphragm. 
BREATHING is effected by 
‘The THORAX is bounded by ribs, 
The regular number of LIMBS is four : legs, or legs and arms. 


. Ngst Mammils have TEETH in sockets in the jaw. 
eo e 


ই 


Lungs (two) in the Thorax. 


DD — 


র্‌ 5) 


11. CLASS ?L.—BIRDS: THEIR STRUCTURE. 
o . (READER IIL, p. 42.) 


Illustrative Ohjects. The bill and leg of a duck; the leg 
of a fosvl; Any stuffed birds, the larger the better. A wing of 
abird. Picture of the skeleton of a bird. Ee) 


Experiments and Observations. Suggestions 0 


I. (a) The blood is rather warmer 
than in Mammals, as Birds are 
mostly very active, and exercise 
makes, and keeps, them warm. 


% Imvortant General Features. — 
(a) Like the Mammals, Birds also 
are Backboned Animals, with warm 
blood, having a heart with four 
divisions. 

(b) But unlike Mammals, Birds 


ane covered with feathers, not with 
hair, fur, nor wool. Some kinds 
are fledged when first hatched, 
others not so till aft 
(ce) Birds hatch their young from 
eggs, either in a helpless condition, 
As in thrushes, etc., or being able 
to get their own living from the 
first, as Ey chickens. 
TI. Other and Special Feature 
— (a) Unlike Fishes, Birds ত 
breathe by means of gills, but 
always by lungs, 


(b) In the case of aquatic bi 
I AS a 1d: 
there is down benenth'the feathers! 
which keeps their bodies from con- 
tact with the cold water in which 
they swim. 
a (ce) But Reptiles, Fishes, Insects, , 
Tustacea, and even “‘Soft-bodied” 
ES EU also lay eggs, 
rom which their y a 
hatched. $7 Tr 


II. (a) Gills are only of use in 
water; and Birds are never fnder 
the water, except for a short time 
only, in diving. 
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Duck's Head and oot. 


Ao 


PART III. 


Bird's Wing outstretched. 


| 
BIRDS: THEIR STRUcTURE—Continuved. 


Experiments and Observations. 


Suggestions and Inductions. 


(b) The fore limbs a@ modified 
into wings for flying. ‘They are 
thus'finlike those of Vishes (fins), 
and of Mumuyls (legs or arms). 
In only a very” few cases can the 
hind limbs be used to take hold of 
food, etc. (Preliension). 


(c) The lungs open into other aiv- 
Vessels (or sacs), and the air thus 
Passes inside into different parts of 
the body, to purify the blood, and 
to buoy up the body. 

(d) Birds have bony breaks instead 
of jaws, to seize their food; but 
they haveno teeth. No other back- 
boned animal has a proper beak: 
though some are without teeth 
(Toothless Mammals); as the ant- 
eater, etc.* 


phraym. The lungs of Birds are 
very light and spongy. ‘They are 


(b) Even among Mammals the 
fore limbs vary accopding to their 
use, from front legs to urs, or (in 
the whale) to flippers. In Birds the 


change of form is still greater, , 


few bird has to fly in the iv, 
Which no mammal does with real 
Wings. iy x 

(¢) ‘This provision to give light- 
ness aids the hollow bones, the light 
feathers, and the great spread of 
the wings, to increase the power of 
flying. ¥ 

(d) No teeth are required to sClze, 
or to hold the bird‘s prey, ns the 
talons (claws) do this, and none to 
chew the food, as this is swallowed 
whole, whether flesh (as in many 
beasts of prey likewise), seeds, or 
fruits. 


TIL. (a)-(4) The diffetent func. 
tions of animal life are very closely 
connected with each other.” ‘This is 


+ The ornithorhynchus (duck-billed mole), 1s one of the Monotremanl 


at this early stage. 


, biny be ignored 
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. BIRDS: THEIR STRUCTURE— Continued. 0 


9 
Experiment and Observations. 


Suggestions and Inductions. 


ক ৰ 
not shut off in the chest and 
separated from the organs of the 
abdomen, by means of a dia- 
phragm, as in Mammals. 

(bh) Perfect Aeration of Blood. 
Phe worl of respiration is very 
complete in Birds. ‘This is so be- 

use much muscular work: is done 
} 58 them, as they are usually very 
ctive, ‘This work brings on waste 
Of tissue, of which°the products 
must b@ got rid, of, partly by 
putifying the blood with the 


> 


a 


oxygen of the air inlfbled during- 


respivatidh. Y K 

(ce) Temperature. This active 
exercise is also accompanied by the 
production of animal heat. © Hence 
the temperature of he blood is 
higher in Birgs than in Mammals, 
und still higher than in the sloth- 
ful reptiles. p - 

(d) Air-sacs. ‘The complete res- 
piration is largely aided by the 
wir-sacS, Ro which the larger 
pipes of the lungs.open. Fe 

(e) Hollow Bones. Tn flying 

f hirds the bones are hollow, and 
contain air, which assists in puri- 
fying the blood. 


very much the case in the functions 
of Uirculation and Respiration. In 
both cases there is a real “circu- 
lation ™—iu the one case of blood, 
in the other of air, 

Ihe circulation of the blood is 
carried on partly to bring the 
hlood near to the air taken in 
during respiration. ‘This blood ‘is 
indeed brought so close to the air, 
in the air-cells of the lungs (and in 
the gills of fishes, ete.) that at 
last there is only a thin skin (mem- 
brane) between the two. Tlirough 
this the waste gaseous matters of 
the blood can pass into the dir; 
and thepurifying oxygen from the 
air or water eun pass into the 
blood. 

‘The process of respiration is also 
connected, but in a more round- 
about way, with that of circulation, 
by menps of muscular function. 
Work causes waste of tissue; and 
this waste needs materialseaf re- 
pair, which are obtained from the 
blood. Werf: al@ causes Jouling 
of the stream of life, and thereby 
makes the pwification of that 
current necessary for perfect 
living. 


TEACHING NOTES. 


“Jn introducing this second Class of Vertebrates we have to 


ally its members with, and discriminate 


them from, those of 


the preceding and succeeding Classes (Mammals, Reptiles, Am- 


phiblans, and Fishes); especially in 


Young, etc. 


‘In dealing with Birds, the teacher 


Junctions of life, as well as of 
function especially as 

‘These two functions are 
and lungs (or gills). The 


respect to covering, limbs, 


must think of the great 


structure; for animals differ in 
regards Circulation and 
concerned 


Respiration. 
respectively with the heart 


other great funttion, Digestion, 


canuot be well dealt with in a comparative way with such young 


children. « 


D 
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12. BIRDS: VARIETIES. (ReAnER IL; p. 42.) 


Tlustrative Objects. 


HANDBOOK. 


Specimens, or pictures, to show 
various kinds of birds’ feet and beaks. ন্‌ 


PART Hi. 
| 


{el 


Experiments and Observations. 


Suggestions and Inductions. [) 


, I. Homes.— Birdslive inall three 
regions of the earth—in air, on 
water, and on land. ‘Their food 
differs according to these different 
habitats; being insects, or other 
birds, in the air; fish, in the water ; 
and insects, worms, other birds, 
quadrupeds, and seeds and fruits, 
on the ground. 

hey nest on the ground, in 
trees or bushes, or in holes in walls, 
Eliffs, banks, etc. 


IL As all birds have Wings, 
most of which ure fitted for flight 
they have a wider range than othe 
backboned animals. Some of them 
can choose wIfether to live on land, 
On sea, Or in aire ‘rt 8 দ্‌! 

They ave thus vevy.tidely dis- 
tributed ov@r the sorfuce of, the 
earth; the same kind® (species) , 
being found in widely istant ay 
countries, or periodically migrat- 
ing to such, e.y., the swallow, 
Pigeon, ete. © 


II. Different Kinds.—(a) Birds 
differ from each other in many 
Ways. ‘They do so most in their 
beaks and talons, and in the way 
they ‘ise these. 

We mention bere only the most 
important kindy; aud the simplest 
divisions: 

(bh) Swimmers. — Thesebirds have 
w boat-shaped body, a long neck, 
short legs, and webbed feet, with 
coat of down under the feathers, 
and oil to keep the feathers from 
becoming damp. ‘The young are 
generally able to swim, and to get 
their own living,as soon as hatched: 
as ducks, swans, ete. Some live 
partly on land, where they nest 
and sleep, and hatch their young. 


(c) Waders.— These live near the 
water, but not on it (as do the 
Swimmers); by the side of ponds 
and rivers, and on marshes. 

They have long les, nearly with- 
out feathers; long straight toes; 
long wings, and short tails. When 
these birds fly, their” long legs 


LEH 
+ II. (a) Birds are very numerous, 
and they also live in very diferent Er ' 
regions: in air, and on. land or 
water. ‘They musty, tlarefore, 
differ in many Ways to he ndupt- 
ed to their (lifferent living-places 
(habitats), and to be able to secure . 
the different foods found in these. 

(b) In respect to shape, these 
come nearer to Fishes than to uny 
other Class, as tliey also do in their 
way of living, and in their food, 
But they swim on, not under, the 
water; they also build nests on 
shore ; and have warm blood, and 
feathers instead of scales.  Sotlrey 
differ widely from Fishes. In. 
classifying, we place the Reptiles 
and Amphibians between Birds 
and Fishes. y 

(c) To wade is to stalk through 
the water on one's feet; to swim is 
to move the whole body through 
the water. t 

‘These wading birds stalk on their 
long legs as on stilts; or step from 
one large leaf growing in the water 
to another. ‘Pheir lorg straight 


Ye 


Headlnd Foot of Bird of Prey. 


Foot of Swimming Bird. | 
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PART II. 


BIRDS: VARIETIES— Continued. 


“Experiments and Observations. 


| 
| 


Suggestions and Jaluctions, 


stretch behind, to make up for the 
short tails. 

‘The whole body is long and 
slender rather than boat-shaped 
(or like a long galley boat), and the 
neck is also long and thin: us seen 
in herons, storks, and water hens. 

(d) Runners.— These have wings 
too weak to fly with. But they 
have very lony straight legs for 
running swiftly, and either two or 
three strong blunt claws, as in the | 
ostrich. 

(¢) Scratchers. —'These also have 
strong but short legs, partly 
feavhered; and they have four 
toes,— three in front, anda short 
one behind. ‘Their wings are not 
very strong for flying, except in the 
pigeon. Our fowls, turkey, par- 
tridge, and grouse, are Scratchers. 

(f) Climbers.— These have two 
toes in front and two beuind, on 
euch foot, to enable them to climb 
casilyse as in the parrot, cuckoo, 
Wuod pecker, ete. 

(/) Perchers.- ‘These have short, 
slender legs, with three toes in 
front and one behind. ‘They are 
the largest and most numerous 
order of birds. 

‘Pheir young, when first hatched, 
are helpless: asin therook,sparrow, 
robin, thrush, ete. 


‘There nre several kinds of Perch- 
ers, divided according to their 
beaks; but these will be dealt with 
at a later stage. 


(A) Birds of Prey.— These all 
have strong, curved, sharp-edged, 
and sharp-pointed beaks, for seiz- 
ing,~ holding, and tearing prey, 
living or ded: as in the eagle, 
hawk. and owl. ‘They also have 
Strong, curved claws, or talons. 


toes keep them from sinking, as 

snow-shoes keep a mun from 

sinking into the snow. 

| As they fly from pond to pond 
to get their living, they require, 
| and therefore have, long straight 

| wings for rapid flight. 

(d) Though the wings are of 1 
use to the ostrich for fliyht, hey 
are useful as bulancers, when the, 
bird is running. They also act 4s 
sails, and are spread out 40 catch 
the wind to help the bird viongz 

(e) We set the uscof these short. 
stout legs and claws wher: we Watch 
w hen with a brood of chickens, 
She scrapes and scratches up the 
ground tofind worms, Seeds, insects, 
aud other food for her young 
family, till they become strony 
enough to scratch for tUhenisclves. 

(f) These two toes behind and 
two in front, give the owners a 
good grip of the branclies an 
trunks of trees, etc., “nn Af 
The climbiugbirds do not fly well. 

(9) As these birds perch on 
branches, ete., they are mostly to 
be found in trees, nesting in. these, 
and living in them sometimes Wish- 
out seeking food elsewhere. As 
they nest Sir up in trees, theiv 
young, though helpless to find their 
own living at first, are pretty safe 
from their enemies, except when 
these are other birds. ~~ 

Their heals differ according to 
the kind of Jood they have to 
gather: from short hard beaks for 
pecking,—as in the sparrow,— to 
soft beaks for insects, as in the 
swallow. 

(A) These birds may be compared 
with the beasts of prey 3 tueir beaks 
standing for the teeth of whe flesh- 
eating members of the other Olass 
(Mammals), while the feet of car- 
nivorous birds and beasts are fur- 
| nished, in both cases, with talons, 


| REPTILES. i, Ta 53 

| ® 9 

| f Ce 
FE) i TEACHING NOTES. ~ 


থি . 
The differgut kinds (Order8) of Birds given-in this simple 
classification, should be well illustrated, as there are plenty of 
British, types to serve as specimens, except in the case of the 
“Runners”; and even here pictures of the ostrich are easily pro- 
cured for demonstration. 

be bd . ৰ 

i) 5 


BIRDS (AVES). (A SUMMARY.) 


1, The SECOND Class of the Vertebrata in order of development. 
0 9, The COVERING always consists of feathers. 
® 3. Phe YoUNG,are hatched from eggs. 
4. Phe HEAD is singly jointed with the backbone. 
5, Ths HART is four-chambered ; the BLOOD warmer than in Mammals. 


6. ‘The CHEST (thorax) and BELLY (abdomen) are not separated bP an 
Ld diaphragm. . 


fT. BREATHING is effected by Lungs and air-sacs. 
8. The THORAX iP bounded by ribs. 


9A The réfular number of LDIBS is four: viz., a pair of legs and a pair 
of Wings. 


10. ‘There are no TEETH, but some birds havo gizzards. 


a (8 2 
ie IEE ও 
{ ন 135. CLASS IHIL.— REPTILES. 


(READER TIT, pp. 46 and 48.) 


Illustrative Objects. Pictures of lizard, crocodile, tortois 
, and serpent. Shell of tortoise, and skin of snake, * Pressel 
specimen of any reptile. 


Experiments and Observations, Suggestious and Inductions, 


TJ. General Features. —(a) Rep- 


tiles form the third great Class of 
Backboned Animals. But, unlike 
the two Classes just dealt with 
they hve cold blood, and a heart 
dividedP into three, not into four. 
divisions. * k 
4 (b) Vheir special covering is not 
feathers, nor hair (wool nor fur), 
but horny or bony Plates, or scales: 


| water, as fishes, 


I (a) Animals that live in the 
generally have 
colder blood than land animals, 
unless, us in whales and seals, they 
have blubber or fat to keep them 
Warm in the cold water. 


(bh) We see how tough is the out- 
side covering of some of. these 
reptiles, in a piece of alligator 
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REPTILES— Continued. 


PART IIL 


Experiments and Observations. 


Suggestions and Iriduotions. 


‘These serve as sufficient protec- 
tion in moving among rocks, fallen 
trees, etc., in the rivers and lakes 
in which many of the Reptiles live. 
(c) Their young are hatched 
from eggs, as in Birds, Amphibians, 
and Fishes; but they are unlike the 
Mammals in this respect. 


(d) Reptiles resemble Birds more 
than they resemble either Mammals 
Or Fishes (Vide Birds). 

(e) Reptiles have no gills like 
Fishes, nor wings like Birds. 


Special Features. — (a) Circu- 
lation. Up to this point we have 
Seen (in Mammals and Birds), that 
the heart has four chambers, But 
in RES und Amphibians, the 
heart as only three chambers. As 
2 consequence, the circulation of 
the blood is not so Perfect md com- 
plete as in Birds and Mammals. 
Anothe. Consequence — following 
from this is that the blood is not so 
warm as in the t v0 higher Classes. 
Reptiles and Am hibians thus 
come between these higher Classes 
and the lowest of all ertebrates, 
Fishes, which,as we shall af terwards 
See, have only two chambers in the 
heart. 

We thus ‘find that, as a rule, 
Reptiles are not so active in their 
movements as are the animals in 
the Classes above them. As they 
do not perform so much muscular 
work, there is not so much muscu- 
lar waste. ‘Their blood, therefore, 
does not require so much purify- 
ing; that is, it is not necessary 
that it be carried so quickly to the 
lungs to be purified by Respira- 
tion. AA 

(b) Means of Locomotion. This 
feature depends on the special 
needs of the different kinds of 
Reptiles— 


skin. We also see what a capital 
protective outside covering some of 
them have, from the picture of a 
crocodile. 

(c) As these Reptiles have lungs, 
they can come out of the water, 
where they lie in wait for Pros 
and lay their eggs on shore, as t 10 
crocodile does. থ ১-২ 

(4d) There used at one time to be r 
reptilian birdg which had wings, 
but they are all extinct now. 

(e) As they have lungs they do 
not require gills. ld 


A Ll 


I. (a) After observing how th: 
structure of the animals agre il 
any Class, we note the agreemen 
that there ao must be in the 


Junctions of life carried on by 


members of the Class. 

Among the vital functions, or 
those without which life cannot be 
carried on at all in animals, are the 
following : ee 

(1) Circulation of the blood, or, 
in the lower animals, of what cor- 
responds to blood. 

(2) Respiration, or a supply of 
air, for the purification of the lie- 
stream. 

(3) Digestion, to make blood from 
the nourishing materials that are 
taken into the body. 

All these functions are ver 
closely connected ; and” the com 
Pleteness with which each is 
carried on varies, "This explains the 
slow ovements of many reptiles, 
and their torpid State’ in winter. 
It explains, too, Why some aquatic 

eXIst so long under 
coming up to 
te the blood. 


(6) (1)-(4) As Manimals and 
Birds are Variously modified ac- 
cording to their needs af/life on 
the earth, in the air, and in the 
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REPTILES— Continued. 0 
; 


PABT Il. 


5Xperiments and Observations. 


Suggestions and Inductions. 


(1) In some cases all four limbs 
are developed, just as in the case 
of land mammals. In these in- 
stances the reptiles can walk, or 
Creep, oyer dry land, or upon land 
covered by water. 

- (2) Tn other cases the fore limbs 
tre suited to enable the reptile to 
“fly”, or rather to “ spring 
through” the air. Neo reptiles 
lave true wings like those of 
Birds. 

(3) Turtles, etc., swim in or on 
rivers and lakes, the limbs being 
modified into swimming-paddles 
for the purpose. 

(4) Moreover, there maybe only 
two limbs, as in some lizards ; or 
the limbs may be absent al together, 
AS in snakes and serpents. 


Water; 50, also, it is with Reptiles. 
We might thus group the Reptiles 
roughly as terrestial or as aquatic, 

“Flying” reptiles remind us of 
flying mammals. The swimming- 
Bes of turtles recall the flippers 
of stuls, ete, 

‘The absence of limbs as gens 
of locomotion in snakes und sek- 
pents will remind us At a latey 
stage of worins. But in no other 
respect do the datter aglhec with 
reptiles, except in having tv diges- 
tive tract, And w mus cular system. 
In the next lesson, we sHftll see that 
some Amphibians, as the frog, have 
no limbs in the early stage of life, 
then two, and later, four, 


2) 


A 


Tl, Kinds Of Reptiles. — (a) 
There are many differevt Rinds 
of Reptiles, but’ not 50 many as 
Amcz,, Maunmals and Birds. Some 
of the Reptiles are very large. 

Among the ‘more important 
kinds (Orders) are the follow- 
ing :— 

(b) Tortoises and Turtles. — These 
have a hard outside Skeleton, like a 
Dony case or box, in which the 
animal lives. . These reptiles have 
70 teeth, but a kind of horny beal:. 

Some of them are eaten by man 
in turtle soup, eto. 3 and some give 
tortoise-shell, which consists of the 
hard, horny, outside plates cover- 
ing the bony box or case beneath. 

, 

(fr) Snakes and Serpents. — These 
are of a quite different shape, 
being long and round like an eel, 
with scales for a covering, and 
(unlike reptiles of the former 
group) with no legs. They have 
very many ribs, but all oo 
‘They always have teeth to holc 
their prey, but not for chewing, 


I. (a) We see that some reptiles 
ate very large from pictures of 
crocodiles, alligators, and hoa-con- 
Strictors. As all thesé reptiles are 
flesh-eaters, they are teirible foes 
to encounter, for they will attack” 
ten as well as large Deasts. 


(bh) These live a long time -Pas 
ONE AS a man ; and some of them 
toa hundred years, "| heir heads 
and short legs being the only parts 
of their body outside the bony 
case, they are like castle Einnts in 
old fables. ‘The hunters capture 
them by turning them over on 
their backs; and then, like beetles, 
they cannot turn Over ngain to 
their feet. 

(c) Though snakes 
50 much alike in many respects — 
2 in having scales anid no fect 
they are really very diffefent from 
each other, and so are ‘put into 
different. Classes: চ" 

Snakes: (1) Have no gills, bu 
lungs instead. t 


and eels look 


(2) They have no fins. 


« 


a REPTI 
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Experiments anil Observations. 
a 
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— Continued. and 
[3 


. Suggestions and Inductions. 


as they swallow their food whole. 
‘They have a forked tongue, and 
some (e.y9., the adder) are poison- 
OUS. 

(d) Lizards. — These generally 
have fou legs, like the crocodile, 


» » but sometimes only two; and some 


wae even without legs. Like the 
Shakes, they nearly always have 
horny scales for a coyering. 
Ce ~ 

{e) O2ocodiles and Alligators.— 
‘Thege hnge monsters five in fresh 
water (laRes and rivers). They 
have « hard outside skeleton of 
strong plates, covered with horny 


Scales. 
) 


Eels: (1) Have no lungs, but 
gills instead. 
(2) Eels have fins. 


(d) Thechuractersof these lizards, 
rather than of any of the other 
kinds (Orders), draw near, in out- 
ward appearance, to the dry and 
water newts (salamanders) of 
our own country. The newts, 
however, are not Reptiles, but 
Amphibians. 

(e) These have aqnost powerful 
and very long tails, and they require 
them, for it is with these that they 
Bl defend themselves, and 

ill thetr living prey. 


-) 


£ TEACHING NOTES. 


TJ. There ave sueh important differenc® between Reptiles and 


Amphibians, that they are pu 


Classes, thus making five Classes, of the Vertebrates. 


JI. The strength and ferocity 


anecdotes. A few words may also be given illu; 
in which the boa-constrictor seiz. 


° 


REPTILES (REPTILIA). 


t by zoologists into two distinct 


illustrated by 
e of the way 
allows its prey. 


of crocodiles may 


es, crushes, and 5 


(A SuMMARY.) 


_ 1. ‘The THIRD Olass of the Vertebrata in order of development, 
“9. The COVERING consists of scales, or plates (of horn or hone). 
3. The YouNG are hatched from eggs. 

4. The HEAD is singly-jointed to the backbone, 

5, The HEART is three-chambercd : the BLOOD is cold. 


6. The CHEST (thorax) and BELLY a 
D, SC diaphragh, ) LLY (abdomen) are uot separated by a 


7. BREATHING is effected by Lungs (generally). 
8. The THORAX is bounded by ribs (generally). 
9. ‘The LBs are absent, or four in number (generally). tb 


10. There are TEETH generall: pe [ 
sockets, EEOEDE the ns BUY are not sunk in separate 
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14. CLASS IV AMPHIBIANS, 


(READER ITIL, p. 51.) 


Illustrative Objects. 


picture of one. 


Frog spawn, tadpoles (in a v 
Water); frog. Pictures of tadpoles and frogs. 


A LE bye 


Txporimonts and Observations, 


1, (0) Wo Glos tone on 
next to the Ue Vecuuse in 


IAny respoots toy are very like 
HR Rel in others they uve 


“Among. those Amphibians in our 


own Country wre frogs and toads, 
without tailas and dry nl water 
OWI, willy bails, 


fd The Amphibians always have 
fo for un thine MR | tiles 
el have, ond whleh all Tales 


0) But thw Aphis 
wat Nem Gri ali lino 
Vo, but whiuh Ll iloy do 


The Am hiblnne Never have 
fins Instend of limbs Propet 

(2) They all undorgo. changon 
OF nbruabiro (nietamr phosts) and 
of habits; that is, they hav 
than one stuge of Tife nfter 
ing from the egy. ‘They be gin life 
with gills, and with Ning in the 
water; und afterwards have lungs 
instead, for breathing ait on the 
land. 

(fF) The skin of the Amphibians 
is, generally speaking, soft and 
moist. 


more 


Che 


Suggestions and Thiluotion, (t 
LL (a)-(b) ‘Tho name am, 
phibians” s Which moans two lives, 
1s vory well sui liked to the OVUl 
as they fon Yiaaye ti HE 
oe UHC) i a 

yy Tontd (or on Sn % AA 
hus, at the early al 0 
they  huve gills, tnd aftorwardns 
thoy have fing. Ln Uhioein great 
change of life they remind us of 
the metamorphosis of Ineoehti hut 
Leas lave Leen, tit utely Uvo 
Stages of life, as mx rule, 

i Afier All, ass suiininl Eick rN 

angel ils Ely for (ings dons io 

ns nore widely li hl 
tl wae than, ty 
iuisoub diffets foun Hise raul, 

(d) As they eal limbs 
they qn not veqnive fins, 5 A plo, 

(f) Wo soe the meantinte, ol thie 
change in the lesson on thot poles 
and Frogs (Vide Sanaa al 
hie BpAWn liutohes out Into tad 
poles with visible Sills hanging 
outside of the body, ‘Phe gills dise 
uppear, and lungs row, as the 
frog becomes fitted ji 1 living on 
the land. 
(/) This is seen more in the 
Ly 


‘0g, which lives much in the Water, 


than in the tond, which keeps to 
the land. 


Il. Metamorphosis,.— Amphibi- 
uns begin with an aquatic life, 
and for this are provided with 
ills} or water-breathing organs. 
These gills either disappear Ee 
the lungs have been developed, o 
they are retained for life, togethth 


IL. Liquids will hold 
solids in solution. 
are then said to be sol 
salt, sugar, ete. But some liquids 
will also hold in solution certain 
Tases. Thus water will dissolve 


Carbonic acid gas, OXygen, etc. 


cer! ortnin 
These solids 
lrshle, such as 


Ai 


. AMPHIBIAYS. 


1,2, 3 4, the Tadpole, growing Into the 


Frog; b, tho Perfect Frog 


Metamorphoses of the Newt. 
A-D, Changes within the egg; 


ornal gills and front 
hf {eet 


0G, with both pairs of feet. 
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AMPHIBIANS 


PART Hl. 


- Continued. 


Experiments and Observations, 


Suggestions and Inductions, 


With the lungs. The fully de- 
veloped animal is air-breathing, 
and lives more or less on land. 
In the first stage they are like 
Fishes, in Ssessing gills and two- 
CHETetet Herter in the second, 
like Reptiles, in having lungs 
and three.chambered hearts. This 
is one reason why the Amphibians 
are classed between the Reptiles 
and the Fishes. 


UTI. Chief Kinds of Amphibians. 
(a) Pailed Amnphibians. These are 
80 called because they retain their 
tuils, Throughout life they have 
M4 Soft skin, With no scales on it. 
Among them are the dry and 
Water newts: the latter found in 
Ponds, the former on land. Like 
crocodiles, these have four limbs, 
and, like tadpoles, Undergo changes 
(metamorphosis). But, 50 develop- 
ing, they do not lose their tails, 
‘and their fore limbs appear sooner 
than the hinder ones; in these 
“respects they ‘iffer from the frogs 
and toads. * = 

(hb) Tuillexs Amphibians. These 
fre represented by frogs and toads, 
As their tame shows, they lose 
their tails in Tater life ; they also 
lose their gills when lungs are de- 
veloped. In the adult stage, the 
Uir Is taken into the lungs by 
swallowing. The hind linbs of 
frogs are Eenerally large, with 
webs between the toes for sWim- 
ming. 


the fins). 


It is necessary that animals liv- 
ing in water, should have a suppl; 

of oxygen in it, for, like land ani- 
mals, they give off carbonic acid 
and take in oxygen. Amphibians, 
at one stage of life, and Fishes 
always, do this work through the 
gills, the oxygen being obtwined 
from the water, by which the gills 
are surrounded. Vl 


TI. (a) As the tuil of he fish is 
usually used for. swimming, we 
should expect that the Tailed, 
Amphibians would be aquatic, 
"This is true of the waters salu 
manders, with their flat-edyed, 
fish-like tails, but not so of the 
round-tailed dry, or land newts, 
which ‘in this respect re like 
lizards, living on land, and yet 
having tails, 


1p) er ko 


(hb) We can easily remember 
that frogs have large hind legs, 
since we know that this ix the 
part of Lhe animal eaten as a dainty 
dish in France. 

We find that each of the five 
Classes of Vertebrates includes 
animals that have webs, and that 
ure, of course, more or less aquatic, 
us in— 

(1) Mammals: seals, 

(2) Birds; ducks. 

a) Reptiles: turtles (with flip- 

I) 


(4) Amphibians: frogs, 
(5) Fishes: (between She rays of 


TEACHING NOTES. 


I. The teacher should constantly 


point out that sbme of the 


creatures included among the Reptiles and Amphibians live in 


LLC 


He 
BE: 2 
s> 
t 
FISHES. 61 
| ব্‌ 9 
Yater, As water newts, some on Rh as dry newts, and some buth-, 
in water and gn land, as crocodiles. F 
‘Two living specimens of the ngwts (water and dry), should be 
Ls Kept in school to illustrate this lesson; and as many as possible of 


the puints referred to in the lesson should be zerified in these 
Specimens. ‘These creatures are quite harmless, very beautiful, and 
Will eudure handling by the teacher without hurt to either party. 
i“ * IJ. The metamorphoses of Amphibia and of Insecta may be 
made to illustrate each other. Yet the teacher must be careful not. 
+ e to start false analogies. He will remember that these creatures 
bejong not only to different Classes but also to diflerent Sub- 
Kingdoms, nnd even to different Divisions (Vertebrata and 


Iyivertebrata). 
i AMPHIBIANS (AMPHIBIA). (A SUMMARY.) 


লে 
1. The EguitrH Class of the Vertebrata in order of development. 


ৰ 0 2, ‘The COVERING generally consists of soft moist skin. ) 
3." The YousG are hatched from evgs, but undergo a later metamorphosis. 
4. The HEAD is doulgy jointed with the backbone. 
s B. ‘The HEART is two-chambered in the young; three-chambered in the 
» adult® The BLOOD is cold. 2 
b 6G. ‘The CHEST (thorax) and BELLY (abdomen) are not separated by a 
) ৰ diaphragm. , 0 
} T. BREATHING is generally carried on by means of gills in early life, 
and®by lungs at a later period. am | 


8. The THORAX is bounded by ribs (generally). | 


| 9, The LIBS are never converted into fins, as in Fishes 
10. ‘There are ‘TEETH generally. 


> 15. CLASS V.—FISHES. (ReAaDer IIT, yp. 56.) 
0 
Illustrative Objects. Live fishes: sticklebacks, gold and 
silyer carp, etc., in & glass bowl of fresh water. “A dried - 
herring. Drawings and pictures of fishes. 
% ELT esd EEE ttions ye Suggestions and Inductions, 
Important" Features.—(a) We! (a) We pea DEE ET 
have alretdy partly described the tl We see that the common 
leading chiuteters of hes, i res uniting the five Clsses 
BA DIGDEIReNGEher four Cle In generally ure these: —A backbone, 
of Backboyed Animals wi ASses- a divided heart, and limbs, which 
nares Oli als with this (however variously modified), never 
ES CS exceed four in number. { 
\ —-—__ is MEE 2 
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20, 
PART II. 
CJ 


[4] 
Experiments and Observations. 


Suggestions andeInductions. 


(b) We notice that Fishes are the 
farthest removed from Mammals, 
or the most unlike them; and the 
necrest to the Amphibians, and 
the most like them in their habitat. 
They are thus the lowest of the 
Classes of Vertebrates. 

(c) All fishes have gills, through 
all their life, ‘These are to get 
Oxygen from the air that is dis- 
Solved in the water in which the 
fishes live. So gills here take the 


Ete of the lungs of animals in the 
irst four Classes, 


ald) Fishes always have a heart. 
But this is divided into two cham- 
bors only, not into three ns in the 
Reptiles, nor into four as in Birds 
and Mammals. 

‘The blood is cold, compared with 
that in the Intter two Ola 


(e) ‘The limbs take tiie form of 
fing, and are adapted for swimming 
In Water, but not for moving on 
land. A fish, has other fins, too, 
Which are placed along the middle 
line of the body, and not in pairs. 

The fins are formed of skin 
Spread out over spines or rays, 
in structure broadly resembling the 
Silk spread over the ribs of an um- 
brella. 

In function they are oars and 
paddles for rowing the boat shaped 
owner through the water, and for 
leeping its body upright in it. 


(/) Like some of the reptiles, 
Fishes all have scales; but these 
are generally much thinner than 
in the former Class. 

(9) The inside skeleton is either: 

(1) Bony, as in the herring, etc. , 
1, 

(2) Gristly, as in the skate, etc. 


the water. 


(b) It would thus appear that 
there is an order in Life. Some 
animals are at the top of the 
‘‘Jadder of life”, some lower down; 
just as is the case among men im 
their powers of mind, sociul posi- 
tion, ete. bs { 

(ce) We know that there must be 
some air in water, for we often'kee 
it rise to the surface in bubbles, 
especially when we heat a gldss 
vessel of water from below. 
also know that fishes die whem this 
air in thewater is all used op by 
them. a y 

(d) It would appear that the 
Olusses which have four chambers 
to the heart havo also the warmohnt, 
blood (Mammals and Birds). Then 
come those which have three (Rep- 
tiles and Amphibfans), and then 
those with two chmnbors only 
(Fishes). 

(e) In addition to the fins which 
take the place of limbs; a brond 
fin forms the tail, and there uve 
generally fins on the fish's back. 

We saw in the lesson on Lenves' 
(Vide Standard 11.) that these ave 
expunsions of the stem, ang. are 
spread out on “ribs” (venation). 

Fins are somewhat like leaves in 
this respect ; they are skin spread 
out on more or less stiff rays”, 
But they serve a very different 
Purpose, not being " uséd for 
“breathing”, but for locomotion. 

They must generally be very 
strong, though easily moved, as 
Inost fishes swim Very rapidly. 

(ff) We see that these so are 
of different shapes on different 
kinds of fishes ; but always of the 
same shape on the same.kind. 

(9) A skate needs Jrist'y ‘‘bones” 
5) it mostly I If two large 
Wings”? or “fapners ন 
which it maki PEC 


We g 


eS its way through . 


UD) 
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[ 
. TEACHING NOTES. > 


° 
fl Tn this. Class we come to. a division of the Vertebrata which is 
) Very distRict from the other ibur Classes of Vertebrates; and 
which, in its main features is already pretty easily recognized by 
the children. They generally know the habitat of fishes (always 
water, fresh or salt); their boat-like shapes; their distinctive means 
ৰণ . Of locomotion; and their covering. 

But they know nothing yet about the characteristic feature of 

the fish’sslieart, in its having two chambers only. This feature may 

: 2 be simplified by the teacher drawing on the blackboard a typical 
Jiscine heart, consisting of an enlargement or swelling of a blood 

vessel, the blood entering through one end of the pipe (venous), and 

Myoing out at the other.(arterial). 

[) Tt wit largely assist in this lesson if the teacher take the children 

on®* an gmaginar) it to an aquarium, referring to the picture of 

. one given inethe reating Dook (Peuder LIL, p. 57). 
) 


FISHES (PISCES). (A SUMMARY.) 


1, ‘Pho Fuenit andglowout Clan of the Vertebratw in order of develop- 
ment. 

9. Sho COVERING is of senles, 

8, The YouNG are hatched from egg8. 

4. Theo HEAD is singlyjointed to the backbon 


BD. The HEART is tivo-chambered, and the BLOOD cold. PE 
(, Tho OnEST (thorax) and BELLY (abdomen) are not separated by a 
চা diaphram. # 
7. BREATHING is effected by pills during the whole life-time, 
° 8. The THORAX is not bounded by the ribs. 
) he LIES take the form of fins, but there are generally other fins 


as well. é 


10. They have TEETH. 


a DIFFERENCES BETWEEN CLASSES IV. AND YV. 


AMPHIBIANS. FISHES, 
1. Have LUNGS at adult stage. 1. Never have Lux 
2. LIMBS are not converted i 9. Fins, i 
TFN l into | 2. Fins, instead of LIMBS proper, 


3. The HEART is three- 
I fr SARUM chambered 3. The heart is two-chambered. 


4. ‘They undergo METAMORPHOSIS. 
El 


4. ‘They do not undergo metamor- 
phosis. ৰ 
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PART IIL. 


(B) THE VEGETABLE KINGDOM. 
p ড 


16. PLANTS: FLOWERING AND FLOWERLESS. 
(READER IIL, pp. 63, 70.) 


“TlHustrative Objects. 


Specimens of all the objects men- 


tioned below in the double columns, especially dried roots 


and stems, seed-boxes, fruits, and seeds. 


plants and flowers. 
buttercup, ete. 


E 


Experiments and Observations. 


Suggestions gnd Inductibns. : 


I. The Vegetable Kingdom.— (a) 
‘This Kingdom, or the plant-world, 
is iike the Animal Kingdom in pos- 
sessing life; and in this respect is 
unlike the Mineral Kingdom. 

(b) Butplants differ from animals, 
generally, in having no feeling and 
10 power of locomotion, or of mov- 
ing about from place to place. 


a 


ZuBlants feed and breathe— 


(1) Food is taken in by the roots 
and the leaves. q When exposed to 
sunlight, the green leaves of plants 
take in carbonic acid, a gas consist- 
‘ing of carbon and oxygen. The 
carbon goes to build up the sub- 
Stance of the plant; the oxygen is 
Liven off again. 

(2) Again, all parts of plants,— 
roots, stems, leaves, and flowers, — 
fake in oxygen and give out car- 
bonic acid gas. This work oes 
on in the dark as well as in the 
light, and is known as ‘‘prespira- 
tion”. Tf a plant is unable to get 
oxygen, it cannot live. 

(d) A _ plant can generally he 
divided into two parts— 

(1) Root, and 

(2) Stem; and what comes from 
it (leaves and flowers). 

Animals, in the higher groups, 
are divided into three parts— 

Head, trunk, and limbs. 


I. (a) Al? objectscin the world 
belong to one of the three greut 
Kingdoms of Nature— 

(1) The Animal, (2) The Vege- 
table, or (3) The Mineral Kingdom. 

(b) As plants mostly get their 
food from the soil there is no neces- 
sity to move about’in secrch of 
this; their roots can lengthen for- 
wards and downwards to procure 
fresh food froin. fresh soil. 

(ce) (1) Ibis only in the stnlight, 
and by plants having ‘“leaf-green’" 
(chlorophyll) in their cells, that 
the carbonic acid gas can be thus 
made use of. 


(2) Water plants find oxygen in 
the water; the roots of plants find 
ib in the ground. An animal is 
suffocated if it cannot take in 
Oxygen; so lov is a plant. 


(d) But these divisions, both in 
animals and in plants, disuppem in 
the lowest forms, whicl® are not 
divided into separate ‘parts, or 
organs. We see this comparing 
& bit of “mould” with an ok, or 
a jelly-fish with a horse. 


Also pictures of. 
Whole plants, such as wheat, carrot, 
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Fern leaf greatly 
0 mainifled- 


Maidenhair Fern. Spore-cases 
at the edges of the leaves. 


E Msn oning two fronds 
with 


h spore-cases on their 


SUAC. 
> [) 
o 
° 
f Spore case Moss Plant with a pair 
ন bursting and of Capsules; that to the 
Single setting free right in the'act of setting Mushrooms. 
( Bpore-case. its spores. free its spores. 


Flowerless Plants and their Reproduction. 


PLANTS: FLOWERING AND FLOWERLESS— Continued. 


Suggestions and Inductions. 


HA IT, Flowering Plants.—(a) We IJ. (a) It will be remembered 
divide Plints into two great divi- | that we also divided all animals 
Sions, accorsng as they liave | into two great groups: Vertebrates 
flowers or not. We thus get Flower- | and Invertebrates. 
less and Flowering Plants. Ee 
(b) The Flowering Plants have (b) The seeds are the most I 
not only flowers, but also seeds, | portant part of the Flowerin, 


(OM T2) i ~~! 


Experiments aud Observations. 


bx 
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PLANTS: FLOWERING,AND FLOWERLESS— Continued. 


PART HI. 


Experiments and Observations. 


Suggestions and Inductions. 


Which come from flowers. They 
are the plants best known to chil- 
dren, who are most attracted to 
plants by love of flowers. 

But the seeds are of much more 
importance to man than the 
flowers, . since we can use the 
former for food, dyeing, etc., whilst 
the latter are generally only em- 
ed for ornament (colour and 
Orin), or for sweet scent (odour, 
Or fragrance). 

(c) We divide the Flowering or 
Seed-bearing Plants into two 
Jroups— 


(1) Some seeds are naked, or 
unprotected. That is, they are 
not shut up in a seed-box. They 
Seem to be not so well taken care 
of by Nature as those in the next 
division, but as they ere hardy, 
they do not require gentle nursing. 

en We pull to pieces the cones 
of a pine or fir tree, we see that 
these seeds r.re naked, or only 
partly protected by the scales of 
the cone. 

(2) The members of She second 
group have their seeds covered, 
protected, or enclosed in a dry 
8eedl-bozx, as in n bean, pen, labur- 
uum, furze-pod, poppy-head, et be 
in El woody one, as in nuts; or in a 
Juicy or pulpy case ns in peaches, 
cucumbers, currants, etc. 

We find then that Flowering 
Plants have either — 

(1) Naked seeds, or 

(2) Seeds contained in 
vessels. 


sced- 


(d) But the latter group can be 
divided into two classes, according 
to the structure of the secds— 

(1) If we put a bean or pea into 
water, it swells bursts its outer 
covering, and < ivides into two 


Plants, as from these the race is 
kept up. Very often when the 
lant has brought its seed to per- 
Toobin it dies. It is thus like a 
parent that starts a family in the 
world, and then quits,it, leaving 
the ofispring to carry on the. 
struggle for life for themselves., kl 


be 
9. 0 
Lad La 

(c) In the same way, after we 
had divided anim ls into Verte- 
brates and Invertebruces, we found 
that we must again divide these 
into smaller groups. 

(1) Every plant and animal, and 
every part of either obtains just as 
much protection as_it needs. 

Each is just fitted forits own 
mode of life, and for its own sur- 
roundings. , We see something of 
the same kind even dmong nien. 
A labourer does not Wear such fine 
clothes nor eat such rich food"as a 
nobleman; but his clothes and 
food are the best suited to his 
Work and to his daily life, 

(2) The great majori ty of Flower- 
ing Plants have their seeds covered. 
It would seem that Nature gener- 
ally takes special care to protect 
the seeds of plants, This’ must 
be because they need this fostering 
eure to guard them from animals; 
wet, frost, and cold, that they may 
endure the winter, ete, By the 
time the protecting seed-boxes 
have rotted away, dried up, or 
Withered, the winter has one, and 
the warmth and moisture of spring 
luve come to set the seed sprouting. 

(d) Here we carry classification 
one step further, ) 

Ee 

(1)-(3) Al Flowering Plants 
have a “root” and 2. stem”, and 
they have whatstands for theseeven 


Et. 
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* 9 
[J 
LD) 
Endosperm 
Aricarp-s 
Testa 
-.Cotyledon. 
e 
~Plumule Embryo 
El 
RW Radiete 
Vertical Section of Wheat-seed. 
J 
hd Germination of a Grain af Wheat (Mono- on 
dt, Embryo; b, rootlet; e. root- 
Rel eR eied Tn length and 
covered with Toot-bairs. 
n 
f 
Windsor Bean with the cotyledons ee * 
ene tho adlote rf an the Pluanfe thon: 
r- LY 
i ° 
> 
Germination of Bean Plant 
° { Dicot % ledon J. — Below 
lc Eround; 2, above ground. 
FLOWERING PLANTS, 
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PART II. 


FLOWERLESS— Contirfiued. 


Experiments and Observations. 


halves, which remain partly joined 
tb the sides, as by a hinge. Between 
these sprout out a “root” (radicle), 
growing downwards, and a “stem” 
(plumule), growing upwards, and 
bearing with it the two halves of | 
the seed. 

(2) But if we serve a grain of 
barley, wheat, ete., in the same 
Way, Wwe find that the seed remains | 
single throughout; and only one 
sced-leaf first appears above the 
ground, 

(3) Thus we illustrate the fact 


that Flowering Plants having 
their “seeds in seed-vessels are 
cither— 


(1) Dicotyledons (with two seed- 
leaves); or 

(2) Monocotyledons 
Seed-leaf). 

(e) In each of the great divisions | 
plants are divided ato many 

ders, as the Rose Urder, Lily 
Graet Buttercup Order, Cross 
bearing Order, the Composite 
Order, the Grass Order, etc. 
‘There are many other Orders 
besides these; just as there are 
numerous” Orders in the Verte- 
brutes, as we have already seen 
(Vide supra). 


(with one 


III. Flowerless Plants. —(a) As 
these have no flowe they can 
hn 10 seeds, since the latter 
comes from the former. But they 
must have‘some way of keeping up 
the race. For this purpose many 
of the llowerless Plants have what 
are called “spores”. ‘These take 
the place of seeds in Flowering 
Plants to keep up the race; but 
are not like them in other respects. 

‘These spores may be easily seen in 
thoir ceases, on the backs and edges 
of ferns, or when a ripe mushroom. 


toadstool, or puff-ball is shaken 
over a sheet of white paper. 


| on the earth ; 


Suggestions and Inductions. 

SE Ee G5 
in the sprouting seeds, though these 
do not always spring from un seed 
consisting of two halves, but some- 
times from one consisting of un, 
undivided whole. It would appear 
from this that the segd contains 
the future plant, root, and Stem, 
just as the flower-bud contains all 
the parts of .the future flower. Ye 

‘There are many other differences 
between thése two classes of plants. 
"The one difference lead us to ্ 
pect others, or itis tho key to 
others. In the same way pmong 
animals, the presence @r absence of 
a backbone lends us to expect the 

resence or absence of ribs, breast- 

ne, limbs, ete. 

& 


[+ 
« 


(e) In collecting garden or wild 
flowers we snon see that many wre 
alike in some respects (ngt merely 
in colour or size, which are not of 
much consequence). This is seen in 
the flowers of the wild rose, apple, 
ete. as members of the Rose Order, 
with five coloured flower-leaves : in 
lilies, tulips, ete., with six flower- 
leaves in two circles of three each, 
giving the Lily Order, and so on. 

III. (a) Nature never leaves 
even the lowest animal or plant 
without some way of continuing 
the race. Tf it were not 80, the 
race would perish. There are 
many ways of getting future plants 
from already existing ones, as by 
~eedlings, cuttings, suckers, budding, 
rafting, ete. - 

As Flowerless Plants are lower 
than flowering ones, sb ‘spores 
ure not so high in raf as seeds. 
These Eenerally also 
smaller than seeds. ‘The former 
plants were also the fixst that grew 

and it is from them 


be 0 


PA 0 
©“ D> 
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PLANTS: FLOWERING AND FIPWERLESS— Continued. > 


Experimept$ and Observations.  » 
+ 


Suggestions and Inductions. 


্ ‘Phere are also “spores” to sea- 

| $ Weeds, mosses, etc. Only in the 

} latter cause they are generally too 

5mall to be seen by the naked eye. 

* (b) Flowerless Plants sometimes 

also haveoparts which represent 

so the stems of Flowering Plants, 

especially in ferns and mushrooms. 

Tn some cases, as in ferns and sea- 

ees, thereareulso leaf-likeexpan- 

sions of these so-calléd “stems”. 

2 Bub in nny otherecases, as in the 

~ colduredlichens on dry walls, ete., 

o there, is nothing that stands for 

the stem ; there is only a branching 

tuft, or a flat crust-like m: 

(c) The colours of Flowerless 

Plants ave very numerous, and so 

are the places in whic the plants 

L re found, soye even growing on 
decaying animals or plants. 


mostly that coal was formed (nr je 
Lesson on Coal). 


(b) Most people call thesé similar 
parts of ferns, mushrooms (fungi), 
etc., by the sume name, stems, as 
in Flowering Plants; but those 
that know more about plants do 
not do so. The same remark may 
be made about the ‘leaves, which 
ure, however, now rather commonly 
known as “‘fronds”,.in the case of 
ferns, 


eo 


(c) The Flowerless Plants thus 
seem to have a much greater choice 
of food and lodging (habitat) than 
the higher group of Flowering 
Plants. 


TV. Economic Uses, of Plants. 
(a) Food, ‘The Vegetable, even 
nore thin fe Animal Kingdom, 
furnishes the chief food-supply of 
Aman and beast. 
the case with regard to— 
(1) The Cereals: wheat, barley, 
rye,orice, maize, ete. ‘These are 
dry seeds, without shells (Vide 
Standard 4., Wheat). 
(2) Other Starchy Food-plants: as 
tapioca, sngo, arrowroot, ete. These 
5 are furnished by roots and stems. 
» (3) Fruits: fleshy, pulpy, and 
Juicy: as apples, figs, berries, ete. 


(4) Mute, and other dry fruits 

|] enclosed in shells, as coconuuts, ete, 
(5) Edible Roots: as parsnips, 

carrots, turnips, etc., containing 

other food-products bes! arch, 

(6) EdibleStems: as rhubarb, etc. 

(7) Edible Leaves: as cabbage, 


COTY 


lettuce, ete: 


" (b) Clothing. Many of the textile 
X Jabrics worn by man are made from 


This is specially | 


IV. (apOf course there will be 
10 food-supplies obtained from the 
plant world in the Arctic regions, 
Since with the exception of a few 
mosses, stunted willgws, etc., there 
are no vegetables to be found there, 

(1) These cereals, requiring heat 
to ripen dhem, are to be found in 
the temperate and subtropical 
regions of the earth. 

(2) Nearly all plants contain 
some starch ; but these ave nearly 
all starch (and water). 

(3) These are usually found on 
trees or bushes; they are often the 
food of savage tribes. 

(4) As these are dry, they can be 
stored up by man for use in winter. 

(5) The food in these is stored 
Up by the plant for its own future 
use. 

(6)-(7) ‘These are mostly what 
are called green meat” and 
‘garden vegetables"; they are very 
seful as blood-purifiers. y' 

(Lb) As animal fibres are not long, 


Strong, nor fine enough to be spun 
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the fibres found in the stem, or 
between this and the bark, as in 
hemp, and flax; or from the lining 
fibres of seed-pods, as in cotton. 
(c) Houses. ‘The materials for 
the shelter of man are also largely 
Supplied from vegetable growths, 
by building timber, in civilized 
countries, and by grasses, reeds, 
boughs of trees, etc., in some lands. 


(d) Furniture. Except for very 
ornamental pirposes and where 
greater strength and durability are 
required (as in iron goods), the tin- 
ber of trees is mostly employed for 
furniture (Vide Lesson on Timber). 

(e) Boats. These are quite neces- 
sary to civilization, where there 
are rivers, lakes, and coastlines. 
On account of their durability, onk 
and teak are the woods chiefly 
used in building ships ad bouts, 
Tron is now largely employed for 
thedrainework of ships. 

(/) Dyeing. Many of the dyes 
used by man ‘are also obtained 
from the Vegetable Kingdom, as 
indigo (blue), madder, (red), ete. 

“© 


(9) Drugs. These are also par- 
tially obtained, but not in so great 
a proportion as the preceding, from 
the Vegetable World, as in Senna, 
‘Turkey rhubarb, ete, 

(A) Miscellaneous, In addition, 
Wwe have Paper obtained from 
esparto grass, wood pulp, and rags 
(originally cotton or linen fabrics); 
Rope and Canvas, made from 
hemp; Cork, obtained from the 
bark of a Spanish oak; Gutta. 

percha and india-rubber, procured 
from the sap of several trees grow- 
ing in hot countries; and Bamboos, 
usec for an endless number of pur- 
poses, as pipes, sails, masts, houses, 
hats, shields, umbrellas, baskets, 
ropes, etc, 


or woven, we use. those of plants 
instead. These also do not readily 
decay —at least when kept dey— 
and can resist much wear and tear, . 
(ce) What are required here are 
length and strength. Planks of 


wood excel slates, stones, bricks, 


and other materials of the Mineral 
Kingdom, in these respects; and, 
moreover, they can be cut up inte’ 
any required shapes. y } 

a) The last c3hsiderdtin is still 
more important here, since the 
shapes of furniture reso various. 
Most timbers are easily sown, cut, 
carved, and even bent (ut least 
When steamed). 4 

(e) For boats and ships the 
materials mist be strong, flexible, 
light, easily workeds obtainable in 
long strips, capable of being nailed, 
and of resisting hard knocks and 
bumps against the shore or river 
banks. ‘Timber excels in all these 
necessary properties. . 

(.f) There are many mineral dyes 
(such as red-ochre), but very few rc 
animal dyes (except cochinenl) s 
the best vegetable dyes are obtained 
from the juices of stems and frflits. 

(9) Herbalists are apt to speuk 
of mineral drugs as i they were 
not as safe, nor as useful, nor as 
much the gift of the Creator as 
vegetable drugs, but this is not 50. 

(Ah) Considering how the varitug 
needs of man are supplied, we may 
broadly divide the Economic uses 
of the three Kingdoms of Nature, 
as follows :— 

(1) The Anima/ World: for food, 
burden, draught, and clothing 
(leather, furs, ete, )), 


(2) The Vegetable World: for 
food, shelter, furniture Syl (wood), 
and clothing. fh 


(3) The Mineral World: for 
shelter, engineering Works, tools 
and utensils, and fuel (coal). 


[) 
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0D 
I. WITHOUR FLQWERS. 
(Flowerless Plants.) 


Among thes@are sca-weeds, mosses, the mushroom 
tribe (Fungi), and ferns, etc. 

Most of these have no proper aud distinct stems, 
roots, 4nd leaves, of the same kind as in Flowering 
Plants. 

The sea-weeds are generally green, red, or brown; 
the others are mostly green, except the Fungi. 
‘They are found iu water (sea-weeds and water- 
weeds), on damp surfaces (mosses), on decay- 
ing animal and vegetable substances (the mush- 

ruom tribe), or on the ground (ferns). 


hr, Wars FLOWERS, © 


These produce seeds. They are divided into two 


ee 


Flowering Plants.) groups :— 
চd g s bd (1) Those in which the seed is not enclosed in a 
b seed-box, as in the pine and éhe fir trees. 
Eo) ° (2) Those in which the seed is enclosed in a seed- 
B box, as in most of our other timber and 
fruit trees, and in field and garden plants. 
uw The second group is again divided into two 
Classes :— 
e| (a) Those with one sced-leaf, as in grasses, eto. 
(b) Those with tivo secd-leares, as in beans, etc. 
« ° Euch of these classes is again divided into smaller 
groups called Orders. 
oo : — 0 
* Re 0. 
7 b:) 
17. THE GRASSES. (READER II, p. 63.) 

eo ) 

Illustrative Objects. Pictures and specimens of wheat 
plant, stigar-cane, and bamboo. As many wild grasses as can 
be procured by the children from fields, woods, and hedge- 
rows; together with any of the cereals. 


Experiments and Observations. | 


Suggestions and Inductions. 


T. Grass Family.—(a) Plants are | 
sub-divided into numerous Orders, | 
just as animals are (Vide supra), 
and one of these orders consists of 
the Graszes. 

Grasseg include what are com- 
monly kim as pasture and 
meadow grasses, together with all 
the cereals,and sugar-cane, bamboo, 
etc. 


IL. (a) Everybody knows what 
{rasses are in the common accep- 
tation of the term, beranse, indeed, 
the grasses are so plentiful. We 
find them springing up of them- 
selves everywhere, even, without 

ing. ‘This must be because 
their seeds are plentiful, and gene- 
rally so small that they can be 
carried about by winds, d 
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. THE GRASSES—fontinued. 


Experimgnft and Observations. Pl 
- * 


Suggestions and Inductions. 


(Db) ‘The common features of the 
grasses are:—A hollow, rounded 
Stem (solid in the sugar-cane), 
a few inches 
to sixty feet in height ; pointed, 
long andehuarrow leaves, wrapping 
round (sheathing) the stem at the 
bottom, and coming off from it 


! singly; and fibrous roots. 


(b) All these common features 
can be seen in a complete wheat 
plant, or in auy other large mem- 
ber of this numerous family of 
plants (Order, Graminee). 

‘The stemsare frequently jointed, 
as seen in the straw of wheal 
of other cereals, and at the joints 
they are solid. ধ 


; 1 ক 
TI. Kinds.— (a) For common pur- 
Poses, We may diytde these grusses 


into: (1) Phe Cereals (wheat, oats, 
barley, ryeanillet, maize, and rice); 
(2) The sugar-cane and bamboo ; 


“and (3) The meadow and pasture 


grasses. 
(b) There are really more than 
4,000 different kinds (species) of 
grass plants. ®'They must be more 
videly spread than any other kind 
of plants (Orders),eas we meet with 
grasses everywhere, except where 
Ho plants gaoy at all. 


(c) By looking closely at the 
flower-heads we see the different 
kinds. 

The ** spikelets ® which contain 
the" flowers are without stalks in 


‘some cases, and rest directly on the 


stem, as in wheat (8p In other 
cases the ‘‘spikelets” have long 
stlks, as in the oat (panicle): or 
Short stalks, as in the meadow fox- 
tafl grass. 


I. (a) 'lhis is not the way that 
botanists divide them; butitis a 
useful way, and one that young 
children can understand. 

o 


(1) But some of these grass plants 
oily grow where it is hot; as the 
sugar-cane, bumboo, and rice. ‘The 
cereals, however, are the most 
widely cultivated by man of all 
plants (Orders); this is because 
they furnish the most useful of 


Joods 


(e) Hf we gather.a few handfuls 
of wild grasses, wt soon find out 
that they are alike and different. 
They are most alike in their stems, 
roots, and leaves. They are most 
different in their ‘‘heads™, which 
are really their flowers. 


ITIL. Uses.—(a) For grains, hay, 
and straw. 

(b) For making sugar (sugar- 
cane). 

(c) For manufacture of light fur- 
niture, md water and gas pipes 
(bamhoosd. 

(d) For Caiting and weaving 
into hats, bonnets, etc. 


(e) For gnuking mattresses for 
beds, etc. 


II. (a)-(e) ‘The grass order of 
Plants is the most useful to man 
in all stages of civilization. Asn 
savage he feeds on wild grazing 
animals; later on his domestic 
flocks and herds ave fed uo 
grass and hay: when he at st 
tills the ground, he cultivates, the 
rereals, or corm-grasses. “This is 
why the latter follow man it luis 
migrations. 
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Timothy Grass. 


Perennial Rye Grass. 
GRASSES— Continued 


TEACHING NOTES. 


TI. This subject has been already partly dealt with SEA L 
uiider the types of the Wheat plant, No. 8, and the DuZar-cane, 
No..16. Here the subject is taken up as one of tht Orders of 
the Flowering Plants (Graminem). 

In the country, children know the names of a few 


0 of tlre different, 
kinds of feeding and wild grasses, and should col 
K 


lect and name 


oe — mdi 


t" ~ 


0 | JV, FLOWERS.—These are of very various forms, witholit true 


ee) 


0 
Y TIMBER. 5) 


? 

Shee mens of these for a school collegfion. This they can do undgz 

the heads below from the following illustrations :— - 
(1) Sweet-sceated vernal grass. 4 (5) Rough Cocl:sfoot grass. 


6) Meadow Foxtail grass. (6) Perennial Rye grass. 
(3) Meadow grasses. (7) Meadow Fescue grass. 
(4) Crested Dogstarl grass. (8) Timothy grass. 


+ ‘These grasses should be kept in large-sized bundles of each kind, 
50 that the likeness may be better seen in the larger quantity, and 
that the Specimens may be the better stored and kept in the school 
museum. " The likenesses and differences between these are seen 
to be very great when closely examined. 
$Y The plan of identifying and storing up common English wild 
and cultivated grassts may be carried out in a village school with 
grept sutcess, if aided by prizes given for the best named collec- 
tions, OThe childrey will become very much. intgrested in the 
subject; and their keen young eyes are well fitted for the close 
observatiol necessary for this collecting and naming. ত 


THE GRASS-ORDER. (A SUMMARY.) 
0 


I. .STEMSe— These are INSIDE GROWERS (Endoyens). ‘They huve no 
pith; the harder substance is not in the middle of the Stem; 
and there is no tough bark outside enclosing the rest of the 
Stem. Tfle Stem is generally hollow, rounded, and jointed. 

IL. Boogs.— These are fibrous; not fleshy nor woody. fe 
JIT. LEAVES,.— There is generally one to each joint, wrapping Found 
the stem at the bottom (sheathing). 
‘‘pro- 
tecting” and ‘‘coloured” flower-leaves (calyx and corolla). 
AV. SEEDS.— There is one in each seed-box, butmany grow on each stem. 
VT]. FRUIT.—This consists of the seed, and an outer covering which can- 
ot be readily separated from it. 
VII. EXAMPLES.— Grasses include the meadow and pasture grasses, the 
cereals or corn-grasses, the sugar-cane, bamboo, ete, kl 


18. TIMBER. (ReaD IIL, pp. 102, 106.) 


Illustrative Objects. Transverse and longitudinal sections 
of common English and foreign timber trees, including oak, 
elm, ash,® ine, beech, walnut; mahogany, rosewood, ebony, 
ete. Drawing showing section of oak stem, rings, and 
medullary rays; and pictures of as many of the above trees 
as can be obtained. f 
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E f an Oak Stem, showing the white p 
Se EE EES EC CE ATTS ৰা lines of the 
medullury rays, and the coarse-looking layer of bark outside tho 
whole. 
TDIBER—Contmued. 
Experiments and Observations. 
T. General Description.—(a) Dir- pl li ision of 
ferent pris. ‘The cross section of | all Flowering Plants into roots 


ouk timber shows that it consists 
of different par*u— 


(Lb) Wood. Tn the centre there 
are the remains or the evilence of 
the previous existence of a small 
tube, in which, when the stem was 
young, the soft and pulpy pith, 
or medulla, once grew. 

(c) Rings. Outside of this are 
rings, euch one Vbecoming larger 
than the other, from the pith out- 
wards, and each consisting of a layer 
of wood grown in a single seeson of 
growth. These layers nearest the 
middle are the heartirood (duramen) 
and are harder than the others 
which form the sapwood (albur- 

IN). 

LL Sues tataod and 
Beneath the bark, is a rather white, 
soft layer (eambimm layer), through 
which” the sap passed when the 
tree Was alive: on one side of it 


and stems, the latter many be 


again divided into separate 
parts. 
(hb) In position the pith re- 


sembles the marrow in a bone, 
and is hence known by the same 
nume (medulla). 2) 


(c) As these rings grow one upon 
another they form shells” of 
woody matter, like the flakes seen 
in the white of a hard-boiled egy. 

‘The greater hardness and dry 
ness of the duramen must be due 
to greater age, to partial drying, 
and to the pressure of the rings 
und bark from the outside. 

We know that sap pisses up 
the stem in spring, and?down it 
in winter; and as tllis flow is 
not found in the duramen, or 
alburnum (except in the medullary 
rays), it must go up and down the 


TIMBER. 
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grew the bark, and on the other 
the wood. 


"> 
vy ° HY 
oo 
ES) 

(d) Bark. Outside of the wood 
proper is the bark; also arranged 
dn layers, the evideyce of which 

disnppegrs on the outside. 

° 

te) DMRdullary Rays. These run 
outwards, gemrally from the centre, 
appearing th streaks and of a higher 
> CALE than the heartwood and 


supwood, through which they 
pass like spokes.from the axle of 
a wheel. ‘These are @alled ‘rays 


because they radiate out in this 
manner, As do the rays of the 
sun. They are galled medullary 
rays, because they spread from the 
ith, or, medulla. ]'hese rays form 
he narrow wedges through the 
rest of the wood, and are known 
0 ns the ‘silver grain” of timber. 
"They bind the rest of the wood 
more firmly together, just as 
wedges do when driven into a log 
of wood. 

Tn some cases they are almost 
invisible, in others very distinct i 
hence the different nppenrances of 
different woods, when cut lon 
otdinally or obliquely. Where 
the medullary rays are most dis. 

o tinct, the timber is the most 
ornamental aud best suited for 
ganellings of houses, and for 


urniture. 


We) Il. Kfods, of Timber.—(a) As 
+ there are many kinds of trees 
there are also many kinds of tim. 
ber. Among the commonest of the 
timber trees are the following — 


Suggestions and Inductions, 


cumbium layer. ‘This, therefore, 
must be the place where sap is 
changed into wood and bark. In 
the spring we muy find that the 
supwood, just under the bark, is 
soft and sticky, with the sap that 
is being formed into new wood. 

(d) This outer portion, or burk, 
must be mainly protective, as on 
the outside it is mere dead material, 
and has uo functions of life carried 
on in it. 

(e) The rays of fhe sun spread 
out like these medullary rays. 
The “rays” of the fin of a_tfish 
also spreud outwards. The word 
“rudius” is likewise applied to 
the lines drawn from the centre of 
ww circle to its circumference, and 
the similar word radiate. reminds 
1s of ‘the spokes of a wheel. All 
these examples illustrate the mean- 
ing of “fhedullary rays” in timber. 

As these wedges are, as a rule, 
made of looser and mor®spomgy 
wood than the alburnum and 
duramen through hich they pass, 
they naturally form channels 
through which the sap of the tree 
rises at Himes. 

We best see the difference, so 
far as ‘‘silver grain” is concerned, 
in different woods, by comparing 
together longitudinal sections of 
them ; just as the difference in the 
Size and appearance of the rays 
become apparent in transrerse 
Sections. 

As these medullary rays also 
wedge up and bind the wood be-" 
tween them, those timbers are fre- 
quently the most compact in which 
these wed gesarethemost developed. 


Il. (a) Even trees of the same 
Order differ according to climate, 
soil, ete. Of course trees of differ. 
ent Orders differ still more. + 
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Suggestions and Inductions. 


(b) Conifers. ‘This is the name 
iven to the large fumily of cone- 
Bearing trees, including the pine, 
fir, etc. 


(1) Among these are the Scotch 
fir, the red Canadian pine, the 
yellow pine, and the Norway pine. 
‘These are largely imported from 
the cold countries of the north of 
Europe. 

‘The rings are here well marked, 
the medullury rays not much so, 
the grain is straight, and long 
planks can be obtained from the 
tree, ‘The wood is durable and 
cheap, and is most commonly used 


in this country under the name of 
“deal”, 


(2) Other conifers used for 
timber are the Norway spruce, 
OL.-‘white fir, red spruce fir, the 
pitch pine (full of resin, und 
chiefly obtaine 1 from the southern 

Art of North America), and the 

rch and cedar. 


(c) Broad-leafed Trees. Among 
the commonest of these used for 
furniture and building are the oak, 
elm, beech, sycamore, plane, pop- 
lar, chestnut, ash, walnut, teak, 
mahogany, ete. 


(1) Oak. Both rings and medul- 
Jary rays ave here very distinct : 
and as the silver grain is so well 
marked, the timber of the oak 
tree often has a beautiful flowered 
appearance when cut obliquely, 
mulsing it suitable for ‘furniture, 
panels, ete, Tt is very durable, 
tough, hard, and strong ; but re- 
quires careful seasoning. 


(b) As the syllable */fer™ is de- 
rived from a Latin word meaning 
bear or carry, the *‘ conifers must 
be cone-bearingy trees, just as 
cruceifers are cross-bearers aumiong 
flowers. c Vr 

(1) These are, of course, culled 
“northern” because they are grown 
in the northern and colder parts of 
Europe and, LN orth America, Wherer 
as some confers are grown further, 

h. $ 4 
ors colour-name is derived from 
the tint of the timbr. Scotch firs 
are 80 called, because hirgely foun 
in Scotland. The length of 

lanks of deal is due to th 
height, straightness, and  un- 
branched éharacter of the pine 
trunks, as well see in their use 
for telegraph poles, masts of Ships, 
etc. 

(2 


) Tn all these trees the leaves 
ure thin and narrow, This divi- 
sion of conifers might therefore be 
called ‘< Narrow-leafed Trees”, to 
distinguish them from the next o 
group of “ Broud-leafed Trees” 
(Vide infra). In some the leaves 
are rounded, in others flattened ; 
but in both cases narrow. 


(c) It will be seen that most of 
these trees ure of English growth ; 
but the teak ‘and mahogany are 
foreign, and the walnut is grow 
both here and abroad. ‘The leas 
of all these trees are expanded, n: 
needle-shaped nor narrow, li 
those of the fir, yew, ete. 

(1) ‘The character of this timber 
makes it specially suitable for ship- 
building. This is not now so im- 
portant as before the navy mainly 
consisted of ironclads. “But even 
now the decks of shipsy and very. 
often the ribs also“-specinlly of 
Wooden sailing ships—are made 


from the sawn teunks nnd 


branches of oak trees, 
>) 
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“ (2) Elm. In this timber the 
heartwood is much darker than 
the sapwood, and of a reddish 
brown lhe wood is very strong 
and durable, even against wet; 
but is liable to warp. It is tough, 
and therefore difficult to split. 

(3) Beech. In this wood the 
medullary rays are very distinct, 
50 that it splits readily; but it 
Warps, and is liable to be attacked 
by worms, and to be spoiled by 
Wet. 

(4) Sycamore and Plane.. The 
t‘mber is light-yellow in colour, 
With fine distinct medullary rays, 
Elving a very dappled appearance. 


(5). Poplar. ‘The timber of this 
tree is soft, but durable when not 
exposed to wet. v 

(6) Chestnut. ‘This is’ the tim- 
ber of the edible, or swtiet, chest- 
nut tree. ‘This timber decays 
euily “at the centre; but when 
taken from na young tree it is 
strong and du’ ble. 


(7) Ash. ‘The timber of the ash 
differs according to the country in 
Which it is grown (England, 
America, Hungary, etc.). It is 
generally tough and flexible, and 
is therefore used for handles of 
tools, furniture, spokes of wheels, 
and carriage shafts. 

(8) Walnut. ‘This tree grows in 
England, South Europe, the South- 
ern States of America, etc. The 
wood takes a good polish and is 
light and strong, and therefore it 
is mostly used for furniture. 

(9) Teal: Thisis a very strong, 
hard, and durable timber, und is 
cnpable of resisting attacks of 
jnsezts and worms, owing to a 
resinous oil in it. 


(10) Malogany. This tree is of 


|! 


2 


As this timber so well resists 

and especially in EY 
soils, it is ely used for making 
coffins. The great girth of the 
tree also lends itself to this, 
wide planks ean be saw" from tl j 
bole, or trunk. Y 

(3) As beech timber is durable 
when kept dry, it is suitable ov 
Vbed:room suites (as is also the 
timber of tlie ash). f 


টি, 

(4) Lime trees—aus the sycamore, 
maple, plane, etc.— ate also very 
suitable for making bed-room furn 
ture, because of their dappled varie. 
gation of colour in the wood. s 

(5) It is Decause of its EOF 
that poplar timbers mostly" used 
by the turner and caryer.. y 

(6) In consecuence of the decay 
found at the heart of old chestnut 
trees, only the timber of those 
fifty or sixty years of age is used. 
This can be employed wherever. 
strong und durable timber is re- 
“quired. 

(7) The timber of the ash when 
exposed to dampness is ape to 
‘decay readily. It is, however 
suitable for” making ornamental 
furniture for bedrooms. Its light 


tint also lends itself to this pur- 
pose. 


টক 

(8) The beautiful colour, and the 
polish which walnut. wood takes, 
fit it well for frames of pianos, 


chairs, sofas, and other ornamental 
furniture, 


(9) This is like the oak in being 
Very strong, and is hence used for 
2 similar purpose, in shipbuilding. 


Tt grows abroad, and is the most 
valuable hard wood that we im- 
port. be 

(10) Hav. 


ing similar properties 
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Experimgnts and Observations. 0 


Suggestions and Inductions. Ca, 


ee 
two rather distinct kinds—Hon- 
duras aud Spanish mahogany. 
‘The former comes from the West 
Indies, the latter from Central 
* ee ‘ Anlerica. Honduras mahogany has 
nu red colour and shade, and is 
es largely usd for furniture. Spanish 
mahogany is still more beautiful, 
und is darker and heavier than the 
receding, but not so durable. 


to waluut wood, mahogany is used 
for similar purposes, in furniture, 
etc. As it grows wild in Hon- 
duras, and of great. size, and is so 
plentiful, the commoner kinds are 
very cheap. ‘The better sorts are 
used for veneers only. 


A IT]. Seasoning. The first thing 

“  necéssafly to render the timber fit 

for use i8 to get rid of the sap and 

+ moisture iit, that is, to season it. 
‘This is done in various ways— 


(1) In Natural Sensoning the 
logs ure ET und stacked, 
0 as to allow of a free circulation 
j 7 of air between them, with shelter 

from sun and rain. -'The drying 

) must nof take place too quickly or 
$ «the wood Will be spoiled. 

(2) Water Seasoning. This is 


| a done more Rey und cheaply 


TI. As wood swells in taking up 
water, so in drying it Contracts or 
shrinks. Of course it dries first. 
and most rapidly, on the outside 
This causes warping.and splitting, 
and it is to avoid” this. that te 
Wood must be seasoned. 

(1) As at all temperatures water 
is constantly passing off as vapour, 
every wet substance will dry sooner 
or later when exposed to the air. 
This is Why, in stacking timber, 
spuces for the air are left between 
the planks. o 

(2) Very many substances are 
soluble in water. Many of. those 


than by the former method. 'he | in the sap of trees are so. A con- 
planks are placed in running water, | stant current of water, therefore, 
whiyh washes out the sap in about | constanty dissolves out and car’ eS 
a fortnight. The wood is then | away these soluble substances in 
dried in the air. b This i the timber. 

(8) Hot Air Seasoning. is is (8) Besides drying clothes i 
carried out in w hot oven, but the | open air, we ONELed I) He 
rapid process is likely to split the | in hot chambers. The sanie Drin- 
av6od, unless the planks be small. | ciple is applied here, the OGG 

vapourizing more rapidly, the 

4 ন higher the temperature employed. " 
a TEACHING NOTES 
‘his lesson on Timber or f 
Is AON Tim der should be rather a demonstration than a 

kc parting of information. ‘Ti ' it lies i 
SEB tLe hee le essence of it lies in 

থে ren themselves all that their own Byes Can 


discover. THis again implies that 


specimens to accompany the lesson. 


8 le ery cheaply procured. 
joiner, wheelwright, and cabinetmaker would furnish most of them. 


‘These specimens can be very 


(M172) 


there should be a good supply of 
‘The carpenter, 


F 
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here should be a place set part for them in the e2hool museum. . 
hor economy of space, the transverse sections of stems should not be 
more than One inth in thickness and six inches in diameter. ‘The 
longitudinal ones should be cut in median section through the pith, 
or the part where this formerly grew. Each should be labelled 
with its proper name 
Besides showing each specimen to verily the points referred to in 
the lesson, the visual memory of these sh 
comparison. The specimens allow of this, as in some cases, the rings, 
in others the iedulay rays, are most obvious. 3 J .”' 
Of course reference should be made, by way of illustration, to |: 
All the articles of school furniture, and to trees growing in the 
neighbourhood, and to any trunks of these, that may have bel 
felled near. ৰব EY 
As the leaves are a very good test of the kind of tree, a collentit 
of these Should be made. They can be paced in «4 home-mi 
* portfolio of blotting-paper, to absorb their moisturt, And pre: 
Hat, ‘The Names of the trees from which they come should be’ 
affixed. ‘This collection should occasionally be used to teach: the 
unnes of the trees from which the leaves have come, by Way of Ye- 
fs 


ES after the lesson has been given. [ 
দি J) on especially in the country, and even, in the toy 
ere there are trees growing in the public squares, parks, and. 
gardens, should be fe |) i : ' ; é 
i 1 e foupd very interesting to chilglven. 


i 
(U) THE MINERAL KINGDOM. 
19. GRAVEL ANE BOULDERS. (ReApeR IIL, Dp. 80) 
Illustrative Objects. Coarse and fine sand; pebbles from 


2 river bed, gravel from a ] pit, 5 { 
gr gravel pit, and boulders from the 


Experiments and Observations. Suggestions and Inductions. 


TI. River Gravel.—(a) This piece I. (a) When we si lc 
of river gravel which I hold in my Reef a opld BEE i RS 
hand has corners, or angles, on it. | notice that the pieces of rock first 
Tt is not all perfectly rounded and | broken off are very large. After 
smooth as an egg, nor even as this | a time these become smallgr by 
ন ehlle or larger boulder from a sea- | being knocked against tach AI 
beach. iz . | especially during flood. 

{b) But some of its surface is (b) ‘These larger pices do not 
smooth; and its corners are not 50 break across the middle, as when 

sharp as those in this other piece | the stonebreaker breaks stones for 
of rock which I now break off | the road. It is the sharp edges 


ould be strengthened by 


River-woru Stone. 


GRAVEL AND BOULDERS. 


Wave-worn Stone. 


Stone worn by Glacier. 


GRAVEL AND BOULDERS— Continued. 


oe Experiments and Observations. 


Suggestions and Inductions. 


¢ ত 
with a Blow of my hammer, from 
© this lager lump. 


(¢) ThoyglPthe corners have been 
» pavtly knocked off, yet they are 
nob rounded, nor ল্যান smooth. 
Something has roughly worn or 
knocked Vn off. Chat ‘‘some- 
thing” is water" 
(d) We hae already learnt some- 
thing ubout this kind of action 
(Vide supra, Stendards IL, I.), 
und that 1t is done by rivers. 
(e) Weare this work still going 
on wherever there is a river, or 
syvift running stream, especially 
one that floods at times. 
(/) But we also find the work 
Lalveudy Jinished and completed, 
wliftn the river that did it is no 
longer to be seen in the eee 
where if formerly dropped down 
the gravel. C 
‘This is the case in our old gravel- 
pit, which is full of the same kind 
*of half-worn stones. These were 
washed where they now are by a 
river that has long since flowed in 
some other direction, or has alto- 
ether ceased to flow, leaving dry 
find where it formerly flowed. 


= 


TI. Sea-Beach.— But in the les- 
son on Wave Action (Vide Supra, 
Standard. We saw that waves 
on the sea-shore did the same kind 
of work as rivers, and you now See 
this also ly the appearance of this 
pebble in my hand. 


that are first removed by the Water, 
as they are most easily knocked 
off. - 

(c) Moving water has quite enough 
force in it to do this Work, as we 
see in floods washing AWILY trees, 
houses, and even walls of great 
thickness and strength. 


(d)-(e) This is proved by the 
appearance of this local collection 
of gravel, obtained from n neigh- 
bouring stream or river well known 
to all the class. ‘This eWOrk is 
Seen in different stages; some of 
the gravel being quite “sharp”, 
other portions al OSt rounded, 

(/) In the lesson on Coal we 
learnt that what was once the top 
of the” ground,— where INOSSES, 
ferns, etc., grew, —is now beneath 
the surface. The same thing is 
Seen In a gruvel-pit. Very often 
this is now situated Where the 
mouth of a river used to be. But 
since that time other rocks have 
been washed by the seu, or by 
other rivers, over the old river 
mouth. So the Eravel-pit is now. 


| beneath the present surface of the 
| ground. 


I. There are not very large 
Waves in a river, because the river 
1s too narrow for the wind to get 
orce enough to make big wates. 

But in the sen this is not so. 
Waves there are made by winds 
blowing from great distances, and 

OBE 2 0 
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GRAVEL AND EPULDERS— Continued. 3 


Experiments and Observations. 


ES Suggestions and Tndyctions. 


Comparing the river gravel with 
the pebbles from the sea-shore, it 
is evident that the waves do this 
Work better even than the river. 
‘They not only knock off the rough 
corners, but they also smooth and 
polish them down, until the pebbles 
on the beach become rounded, and 
often nearly as smooth as glass balls. 


they can break even the largest 
ships to pieces. KH 

These large waves, therefore, are. 
strong enough to lift up the pebbles, nA 
whereas rivers only roll them along 
on the bottom. The waves dash the 
pebbles against each other, and [+ 
wear them down to coarse, al 
then to fine, sand, and even to 


. TI. Ice Boulders.—(a) But itis 
Hot only water in a liquid form that 
does this kind of work. Water in 
W solid form—as in ice—vwill do 
the same, only not so perfectly as 
flowing water. 

(b) Here is a boulder which was 

once wedged in the bottom of a 
glacier, or river of ice. Now you 
See that one face of it is worn 
flutter and smoother than the 
others. ‘That is the side that was 
Once grinding on the bed at the 
bottom of the glacier, as the latter 
Wes being pushed along. 
. (c) But even this one flat surface 
is not so smooth as all the out- 
Side of the beuch pebble is. ‘The 
former is marked with streaks and 
scratches, made by the herd bed of 
the rock over which it was forced 
along as the glacier was grinding 
on its downward slide. 


বা! Ld 
III. (a) Li: later lessons we shale 
see that water can exist in three 
forms: as a solid (ice), or”, li ic 
(water), or hs vapour. The a 
of the iceberg and glacier will also 
be pointed out. | ! 
(b) Stones are very often em- 
bedded in ice, as we can see when 
we lift up a “heet of ice in 4 pond 
which hasbeen frozen right through 
to the bottom. 
When stones are thus frozen in, 
they are wedget: in almost as tight 
as the steel blade of the chisel is 
fastened to its handle. 
(c) Tf we saw a piece of scrubbin 
stone that had been used, we Should 


know it from a new piece, becat 
of its being partly worn nwa 
We should also see that, it had 
streaks and scratches, from rubbin: 
hard against the door-stev, ete. 


nD 


|| 


TEACHING NOTES. 


TI. This and the next lesson must be considered as a supplement. 
to those sketched in outline, in simpler forms and terms, in 
Standards I. and TI. (Natural Phenomena), and as a preliminary to. 
Lessons 26 and 29. The principal aim of the teacher here should 
be to amplify these previous illustrations; to connect the effects 
together; anid to trace the Causation a little more scientifically. 

It is very important to establish the “general law” that the forces 
of. Nature working at present are the same as those that have left 
evidences of their work in the past; and that no n2wLorces are 
regtired, or are to be found working at the present time, 

It is equally important to teach the children that these natural 
forces, however apparently feeble, only require time (to which 
there is practically no limit), to accomplish the greatest results seen 


LJ 


on the eartf’s surface. 
question. , * 
IT. In the 


may be moré 


WORK OF RIVERS. 


85 


This is le true scientific aspect of he 


onuntry reference Thust be made to visits to seaside 
resorts, especially to those with beaches. t 
abundantly illustrated by specimens gathered from 


On the seaside the lesson 


the shore by the children themselves. Here also the teacher should 
paint to the stages of the work done, as shown by the varying 
results in the larger compared with the smaller specimens of the 
Dbouldersg pebbles, and sand (coarse and fine). 


o° 


90, WORK OF RIVERS. (ReAosR IIL, p. 84.) 


Tlistrative Ohjbts. Pictures pp. 85, 86. 
H 


° Experiments and Observations. 


Suggestions and Inductions. 


J. Cafions.— (a) Besides the work 
done by rivers, whicheve previously | 


spoke of in te lessons on Natural 

Phenomenn, there is other work of 
the same kind. We see this by 
looking at this pftture of a caion, 
or deep river-bed cut out of solid 
rock by riftining water. 

(hb) Here the sides or Walls are 
not sloping, as in most of our own 
river valleys, but steep as the walls 
of w house. That is because they 
are,made of solid rock. This does 
not tumble and crumble, and be- 
come SQ easily washed away as 
clay and sand do. 

(c) That, again, is the reason why 

+ the valley is so narrow. A wide 
avalley is generally sloping, and a 
narrow one steep. 

(d) But though narrow, the cation 
is not sltallow. ‘The river in it has 
had time, (in most cases thousands 
of years), to wear away the rock 
to & depth of hundreds, and some- 
times of thousands, of feet. 


| IL. (a) Rivers do much more than 
was spoken of in the previous 
lessons, and much more even than 
is here stated. They bear ships u; 
and down; they carry the rains ok 
the lan®; water cattle, and give 
water to men living in large towns, 
etc. ee © 
(b) The countries where these 
cafions are found cannot have very 
cold winters, or he frost would 
break down their steep walls, as it 
does in gther and colder countries. 
We have a few narrow river 
valleys, a little like these cafions, - 
in our own country, in Derbyshire. 
(ce) Steep walls must keep the 
river to one bed, and stop it flood- 
ing over, and washing away, the 
land near the sides. f 
(d) The river may not be very 
deep, but the bed it makes is s0. 
We must expect to find these 
cafions, generally, in rather soft 
rocks, that are easily eaten away 
by water, such as limestones. 


I. 
see thatWthere is a river which 
flows from south to north. It is 
the SNE 

‘Phe country it flows through i. 

( gh is 
Egypt. 


2 3 নাল 
tas.— (a) In this map we | 


ITI. (a) In many cases where xe 
now find a delta at the mouth of a 
branching river, there used at one 
| time to be a gulf like that now at 
the mouth of the River Lune (see 
diagram). This gulf the river filled 
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টু ভট টু 
Experiments and Observations. d 


Suggestions and Inductions. 


‘The sea it flows into is called the 
Mediterranean Sea, about which 
সু will hear a great deal some 

» UAy. 
y tb) This River Nile comes down 
at first &n a single stream, as 
shown on the map. 

Then it branches out into two 
gvide arms, and into very many 
mnaller ones. ত 

(ce) This is because the river 


- brings ) wn witht so much mud, 
Is 


o 


{hat this is always choking up its 
ownebed.  _'T@en the river water 
spyerflows, thd so is forced to make 
a new bed for itself in its course 
to the sea. 

(d) This mud gradually becomes 
heaped up in the sen near the 
mouth of the river, until it rises 
above the water, forming flat land. 

Phis low flat ecountry at the 
mouth, or alongside the branches 
of u river,gs called a Delta. 

We sec the Delta of the Nile 
marked on the map. 


JIT. Estuaries.— From this other 

map you see that a river does not 
always fill with mud the sea near 
itsmoutfi. The map shows that the 
River Lune, in our own country, 
does not choke itself up at the 
mouth as the Nile does, 
This is because the tide flows up 
nnd down the wide mouth of the 
Tune; thereby washing away the 
mud the river brings down, and 
carrying it out to Sea. Thus an 
Estuary is formed ; and you see it 
is the opposite to what a delta is. 


fruitful. 


up with mud, thus turning it into 
land, and closing up the gulf. 
After that the river dropped its 
mud further out to sea. 

(b) The roots of a tree run into 
its stem: the branches run out of 
it. ‘These side streams of the delta 
are thus true branches. Any rivers 
flowing into another are “‘feeders”™, 
not “branches”. 

(c) Sometimes we see something 
of this work of silting up done in 
our own streams afjer a Hoods and 
even in a gutter after very. heavy 
rains. There are little mud-banks 
and sand-banks left behind. 


(d) This Delta of the Nile thus 
grows larger every year. Being 
so flat the country cannot be very 
healthy; on the contrary, « great 
deal of fever occurs. Being s0 
well waftred, and in such a warm 
country, the land must be very 
That is the reaton why 
Heypt can produce two crops in a 
single year. (:) 


TII. When the tide comes in— 
or “‘flo8s”—it carries Wrecks, 
sea-weeds, etc., ashore. When it 
goes out—or ‘‘ebbs”—-it carries 
Wrecks, sea-weeds, etc., out to sea. 

Here it is mud that is carried 
about by the water. So it is the 
ebbing, not the flowing tide that 
does the greater part of the work 
of keeping the mouth clear, and 
thus turning it into an estuary. 
But the river itself also does some 
part of the work of carrying the 
mud out to sea. 


{Y 


ডি 


TEACHING NOTES. Y 


T. ‘This section will not require further remark, beyond sfying 
that the class Should be taught to recognize in the pictures the 
various items indicated in the lessons. 


TL. In taking the Delta of the Nile as the type for illustration, a 
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litle may be said to the children of the fruitfulness of the land of 


Foyt as referred to in the Bible. 


TL. This section should be puc into contrast with II. by com- 
paring the two types, the mouths of the Luve-and Nile. 


21. CLAY. (READER II, p. 91.) 


" Tlustrative Objects. Differently-coloured clays; articles of 
pottery, tile, brick, piece of drain pipe, etc. ¢ 


Experiments and Observations. 


Suggestions and. Inductions. « 


Clays.—(a) In speaking of the 
Auytion of Rivers, we mentioned 
their washing down sand and mud. 
Of these, mud is the lighter, and 
80 is carried farther out to sea, or 
to the middle of the lake into which 
the river empties itself. When 
this mud becomes pressed by the 
weight of rocks above it, and dried 
from the water being pressed out 
of it, we know it as clay. 

Ee ) 


(b) We see this hardened clay 
sometimes ‘in he form of shale, 
Which is often as flaky as pie- 
crust. It is no longer soft and 
“lumpy” as the clay nitntioned 
above, but is hard and compact, 
hE the layers in which it was 
at first laid down by the river. 

(ce) Clay may be’ of almost any 


colour, and may be also either very 
fine, or very coarse. 


(d) The finer sorts are used to 
make drain-tiles, pottery, earthen- 
Ware, porcelain, and china, This 
is because clay can be easily 
moulded; and also because it sets 
hard when burnt, and so makes 
good dry storing vessels. 

(e) It is only so long as clay keeps 
moist and damp that it remains 
plastic. Jf it be dried in the sun 
it then becomes harder, and will 
not then mould into shapes, until it 


(a) After we have shaken to- 
gether, in a glass bottle of 
some coarse sand, fine san 
mud, we see that the coarse. 


drops first to the bottom, then the. 


Jine sand, and, lastly, the mu 
In the same way; & river ‘with 


these three substances in it, drops . 


first the coarse sind on the Danks ; 
then the fine sand at the mouth; 
and, lastly, the mud fursher out to 
ৰ) L 


Ca. 

(b) This is in layers, often with 
a little sand between them, thus 
showing that the clay has been 
dropped down by a river ut cer- 
tain times. Intervals of ‘dry 
weather, with little water flow- 
ing, have perhaps occasionally 
checked the deposit for a time. 

(c) Red is the commonest colour, 
especially in brick clays; but other. 
common clays are blue, grey, aud 
green. 

(d) The very same property that 
enables us to make cen drain- 
Pipes, ctc., out of coarse clay, 
Proves useful in making the finer 
articles (pottery and porcelain) out 
of the finer material. We call this 
the plastic property of the clay. 

(e) We see a differen, between 


bricks dried in the sun and those , 


baked in the kiln, by noting that 
the former crumble dowft into mud 
in the villages of Egypt when 


“ন 


" between them. 


° Ytion of the Thames River, 


0 OrAy— Continued. 


Experiments und Observations. 


" Suggestions and Inductions. 


has again beon wetted and kneaded. 


A good jnstance of this is seen in 
the modelling cla§ used in Infant 
Schools; This has to be kept moist 


by @ dam loth, or else wetted 
seach time Before USINg. E 

Tf clay be baked, as in abkiln in 
brick-making, it is not only no 
longer plastic, but dt cannot be 
made so aguin, even When wetted. 
Tt may then fuck up water (absorb 
it), if porous, and if not glazed: 
bub it cannot again be kneaded or 
moulded. This is why it is so 
useful fon Storing purposes, for 
building materials, and tor drains 
as in dry vessels, bricks, und pipes. 

(Ff) Whilst clay is moist it will 


fl keep out water, instead of absorb- 


ing it, or Jetting it pass through — 

ns $b does in baked porous vessels 
made of clay. For this reason clay is 
nsed to elose or seal the joints of 
FAS, WALT, and other Pipes, and 

0 lining the bottoms and sides of 

canals, reservoirs, fish-ponds, ete. 
« 


ঞ 


flooded by the Nile, and that the 
latter are used in brick embank- 
ments and quays on the river sides. 

This shows” that baking does 
something more than draw off the 
moisture in the clay. Clay is matle 
of very many materials, and some 
of these fuse, or melt, in the heat 
of the kiln, and hence become very 
altered; and others are equally 
changed by the heat, though not 
by fusing. yr 

For rther illustration, the 
difference can be shown in the 
objects made in modelling clay, 
when merely dried, and wiien sent 
to be baked in an oven. 

(f) Of course th@clay only keeps 
out water when it is saturated 
with it. We see this in a clay 
field. first, the surface of the 
ground may be perfectly dry after 
n long drought, Then rain falls 
on it, and much of this soaks into 
the clay. ° After a heavy rainfall, 
however, the water is no longer 
absorbed by the clay, but forms 
pools on the top of it; the clay is 
therefore (broadly speaking) “im- 
pervious to water 


TI. Kinds of Clay.— (a) Modelling 
Clay. ‘This is seen to be cream- 
white in,colour, rather fine in tex- 
ture, and easily kneaded or moulded 
into Heh s8 that it will weld on 
other masses without leaving a flaw 
This last is a very 
importantdproperty for the employ - 
ment of it in making objects for the 


Il. (a) We have already seen 
that clay is made up of very many 
different materials. As these differ, 
or differ in proportion, in different 
clays, we get different Rinds of clay, 
just as we have different kimls of 
coal, etc. 

One of the most obvious differ- 
ences is that of colour; another, & 


° 
°° 
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school-room, etc., such as fruits, 
birds’ nests, etc. It is also used 
for making tobacco pipes, because 
of its white colour. 


(b) Fuller's Earth. This is 
greenish-brown in colour, and is 
only found in u few places in the 
crust of the earth. It does not 
readily knead together into a mass, 
that is, it is net plastic, but acts 
more like wet sand in crumbling 
into pieces. ক 

But it absorbs oils and grease, 
and was therefore originally used 
by the fuller in preparing cloth for 
the market, to take away the 
grease natural to the wool. Now 
We can do this better by means of 
alkalies (soaps, soda, etc,). It is 
How most used to cure sores made 
by chafing in parts of the hody 
that have become tender from 
rubbing together. 

(c) Brick Olly. This is stiff 
though plastic, and when baked 
resists great crushing power and 
immense weights, so that it is made 
into bricks for building. Bricks 
are red, white, yellow, or blue; 
the colour depending on the nature 
of the brick-earth used, and on the 
baking. 

Bricks differ as to the amount of 
water they absorb—the softest 
faking up nearly a pound (15 ozs.) 
each brick. Glazed blue bricks 
hardly absorb any water, and 
are therefore used in damp-proof' 
courses for walls of houses, ete. 
These bricks are often fused, or 
meted, on the outside by the great 
heat of the kiln. 

(dj Fire Olay. This resists the 
greatest heat, and is therefore used 
for making bricks, etc., for lining 

stoves and furnaces, and for mak- 


much more important one, is. the 
plastic nature of the clay. This is 
very marked in modelling clay, but 
alniost absent in fuller's earth ( V ide 
infra). The chief remaining differ- 
ence is as to texture slfine or 
Coarse). দা 

(b) The fuller is mentioned in the 
Bible, and his occupation, there-, 
fore, must be a very ancient one. ¢ 

Sheep's wool is at first very full 
of animal oil. his is pirtly got 
rid of in tho washing of the sheep 


(+) 


before shearing, and°partly in the 
cleaning of the fleeces. But th, 
still remains some grease aft 
these two cleansings, and this 
must be rempved. 8s and oils " 
are best renioved by substances 
just opposite in fieir nature. 
These are called alkalies, or the 
opposite to acids. Fats contain 
JSatty acids, and the alkalies (soda, 
etc.) lay hold of these, 2nd, enable 
us to get rid of them, and swill 
them away in hot water (lather). 

(c) As the walls of houses and 
other buildings sustain the weight 
of themselves, of the floors and 
their contents, and of the rdofs, 
they must he made of materials 
that will not break, bend, nor 
crush under the strain put upon 
them. Bricks are suitable for this, 
but not to the same extent as 
granite, etc. on 

We must not think this taking 
up of water by the bricks a bad 
thing altogether. We see there 
must be some use and service in 


it, for Dricklayers steep their [A 
bricks in a tub of water, or poi" " 
water over them, before building EC) 


them up into a wall. is is to 
make the mortar cling t¢them. 

_ (d) As fire slowly burns uway 
iron, we need something inside 
furnaces, stoves, etc., 40 prevent 
this destruction. The firebricks 


Ancient Earthenware Vessels. 


®  CrAy—Continued. 


ExpOriments and Observations. 


Suggestions and Inductions. 


ing crucibles in whith glass, metals, 
etc., May melted. 

(e) Porcelain Clay. This is the 
fine-grained kind of clay used for 

oe making porcelain and china. For 
this purpose it is, however, mixed 
_ with other materials. It is some- 
times known a8 china-clay, because 
porcelain was first “made in China. 
‘Phere are very man: varieties of 
it, and hence many © ifferent kinds 
of porcelain ware, such as Royal 
Worcester, Crown Derby, Doulton 
Ware, and many others. 
phe best porcelain clay in Eng- 
_ Jand is found in Cornwall, and it 
is this that is used at the Royal 
Porcelain Works at Worcester, and 
nlso in Staffordshire for Wedge- 
Wood ware. 

(fF) Pottery Clay. Thisisa kind 
of clay infermediate between porce- 
Jain clay nd, brick clay. At all 
times, ahd in all places, it has been 
used for ne vessels,—namong 
Savages, mmad among hh 
civilized peoples. ie De 


do this,®and are cheap to, re- 
place. 

(e) As uncivilized tribes un ol 
make coarse pottery,. Wwe can tell 
the degree of civilization of a 
people by the beautiful shapes, 
colours, and ornamentations of 
their por@lain. But as civilization 
is of very slow growth, we can, 
therefore; at the same time tell the 
age, or the oldness or newness of 
this civilization. We thus learn 
that China, Japan, Greece, and 
Rome, all of which’ make, or once 
made, beautiful porcelain ware, 
ত 9 ancient civilization. ? 

Modern makers have largel; 
copied from the works RS 
2ম Rol the works of Greece 


(f) Travellers bring back with 
them, as curiosities, pottery ware 
of the most uncivilized tribes of 
people, especially pots for holding 
corn and water. 

Every household in a civilized 
community also shows the reat 
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T ot Ly 
Experiments and Observations. p Suggestions and Indactions. 


Earthenware articles include | ulility of the plastic arts employed 
ipkins, cups, saucers, plates, | in moulding clay." Formerly, in 
tins: etc. One kind of this England, wooden and pewter plat- 
Ware is known’ as stoneware, but | ters were used. = 
it is really made of plastic clay, | 2 
With which sands and cements are | CE) 
mixed to give it toughness and | =" 0 
Smoothness. 


্ C 
0 


TEACHING NOTES. " 


‘The meaning of “plastic” and “plasticity? may be exeruplified 
by moulding before the class a bird's nest, apple; ete, ous of 
n.odelling clay obtained from the Infant School. te 

At this stage the class may be informed that the rocks washed 
down and deposited in beds by water (Sedimentary or Aqueous 
Rocks) are of three kinds ; and that clay is onf of the three. 

‘The relationship of shale to clay may be shown by breaking down 
@ piece of shale in water, and making clay proper fronv it. 


a be) 


2. SLATE. (READER IIL, Pp. 94.) - 


Illustrative Objects. Differently-coloured shales. A brick 
made out of shale at # colliery. Slates, coarse and fine, green 
and blue, and variegated. A picture of a slate quarry. 


Diagram of strata, with clay beds in them, and with slate 
Tocks beneath. 


Experiments and Observations. | 


* | Bl 

TL Origin.— (a) This isa hardened | T. (a) Rock 

o - Ocks must be very much ¢ 

clay. It has become so from the changed after lying n IE toe 
EY weight of rocks above it; ‘deep down in the “crust of the 
rom drying in the crust of the | earth”, with the weight of other 
চকা RRS A EA, | rocks pressing them close together. 

Ox piace in 1t whilst lying there, | Coal has 1 y i 
especially from the mountains near aston UG TERT UNG: 


Suggestions and Inductions, © 


d the | Standard II., Coal) from mere 
pressing up against it. \ Vegetable matter io mineral 
& substance. j 


(Db) Slate is obtained from great (b) Any pl 
mountain masses, especially in | kind of rock 
Wales. In the picture we see | “quarry”, 


lace from which any 
is obtained is called 
So we have granite 


0 


x 


| 
{ 


FS 
HL 


og Section of Strata with layers of slate. 


pp, Lines of slate show! 
able atgle to the planes of stratification. 
a seplsines of stratification. 
5 Parallel joints. 


as paler dlls 
(খ I 
t hey 


Tlanberis Slate Quarry (nt the foot of Snowdon}. 


ws 


{ng cleavage, which intersRtt the rock at n consider. 


0 
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SLA £— Continued. 


Experiments and Observations. 


Suggestions and Inluctions. 


how it is “quarried” out in great 
Steps, or “terraces”. 
t is carried from these on rail- 
way lines, shown in the picture. 
Tt is so hard that gunpowder has 
to be used in blasting it. 


বব 
quarries, limestone quarries, sand: 
stone quarries, and Slate quarries. 
‘These are generally dug out of 4 
hill, or mountain side; and not 
reached by means of a shaft, as 
in the cuse of a coal pit, 


TI. Description.— (a) Slate differs 
from clay in being easily split; and 
it is this property which makes 
ib 50 useful for roofs, cisterns, 
gravestones, ete. 

(b) The colour of slate varies 
uecording to its nature aud the 
locality from which it is obtained. 
‘The commonest sort is dark grey, 
but it may also have a greenish or 
w bluish tint in patches of these 
colours. 


(¢) The texture of slate is lamin- 
ated. That is, it consis.s of thin 
layers, which render it capable of 
boing casily split into planes. It 
is this property which makes slate 
50 useful for 1pofing purpos 

(d) Tt is also comparatively liyht, 
Which again renders it suitable for 
covering roofs of buildings. 


(e) This rock varies in degrees of 
hardness, some kinds being suf- 
ficiently hurd to be suwn asunder. 
‘These Varieties are also impervious 
to water, and are hence used for 
cisterns, etc, Other kinds are 
looser in texture, and softer, and, 
AS a consequence, absorb water, as 
may be seen by dipping them in 
water, and then drying them. 


LS) 

(.f) The lamination of slate does 
not, as in most other rocks, show 
where the mud of which it was 
originally made was laid down in 


TI. (a) We know slate splits well, 
because it is used in very thin 
layers for roofing houses; and yt 


the slate was once a solid mass in y' 


the quarry. 4 

(Db) The, colours in réeks ave 
chiefly due to the 1 etals they con- 
tain. 
pure metals, and not Se often us 
ores. ‘They are generally melted 
down into the rocks themselves, 
if igneous, cr finely nixed up with 
them in many of,.the different 
forms thatmetals take (oxides, ete. 

(c) We see that rocks differ v ery 
much in texture, and some ure eyen 
loose, as sands; others 
fuller's earth ; someagtin tenacious, 
As clays; others hgrd, as sand- 
stones, or crystalline, as granite. 

(d) The weight of slates will of 
course vary very much with the 
variety, being greater in those 
kinds which are compact, than in. 
those that are loose in tesrture. 

(e) The hardness will evidently 
partly depend on the texture, The 
finer the particles of the original 
clay-mud, and the more these lave 
been pressed together, the harder 
the slate. 

But since slates were first laid 
‘down at the bottom of the sen, 
and have undergone many other 
changes than that due to pressure, 
the hardness must also depend on 
the nature and extent® of these 
changes, 

(f) Tf we put shE@ets ‘of cloth on 
the top of each other, and place 
enormous weights on them, enclose 
the whole in a Wooden frame-work, 


° 


‘These do not €ften exist us 


“ 


bh) 


LL) SLATE. 


by SLATE—CofY inued. 


Experinets and Observations. 


Suggestions and Induction 


Jndeed, generally speak- 
ing, these phnes are at a great 
angle to the “shedding”. We call 
these levels, or layers, “‘the cleav- 
ume planes”, or the planes along 
Which the clay will most readily 
split. But they were produced 
from uw very different cause from 
bedding, or laying down in sedi- 

smentary deposit. They are the 
mmffect of the side-preseure to which 
they hagye been subjected, when 
distuvhed in the Crust of the earth, 
rather than to pressure: front above 
on these gp its. 

L) 


layers. 


(9) This latter point reminds us 
that slate r6tks are generally very 
disturbed und upheaved: 
ig because they @re very old, and 
because they were at one time 
deep ov in the earth’s crust, 
until tilted up by earthquakes and 
volcanic disturbances. 


They thus frequently lie on 
the sides of great masses of the 
such as 


still older igneous YOCKS, 
grithite. These two rocks are 
often found together,— the slate 
over th granite,—in many parts 
of England, where the oldest rocks 
come to the surface: especially in 
the Lake District, in Charnwood 


This -| 


and then squeeze in the mass by 
ES side-pressure, We shall pro- 
duce similar changes to those which 
have been brought about in slate. 
The choth will not bé able to force 
n way upwards, downwards, or 
sideways: it will therefore rise up 
in ridges and folds. 

This gives us a rough notion of 
some of the. chunges which rocks 
undergo in the crust of the earth. 

We get other changes that 
| ৰ those in slate, by squeezing 
rom the side masses of clay, at the 
same time sending currents of elec- 
tricity through the mass. This 
begins to become laminated, by the 
appearance of something like a 
layer in the mass. 

(9) The appearances of seams of 
coal in a disturbed coalfield, where 
the rocks beneath have been lifted 
up, anddhrown down, enuble us to 
understand some of the changes 
which slute rocks also haye under- 
gone in very disturbed areas. 

A great force from beneath would 
raise up the rocksubove, and rend 
them by “joints” and faults”, 
Or the granite rocks beneath, being 
lifted Sh, woud raise up the slates 
upon them, and, breaking the 
layers, leave them in sharp, jagged 
pointed Inasses, as 50 often seen in 
slate districts. As these slates are 
nlso frequently very hard and com- 


°]abrest, in Leicestershire, as well | pact, their jagged peaks would 
us in Wales. long resist the action Ke the Ate 
s phere, ains, etc., and so long 
remain bold and rugged. 
TEACHING NOTES. 


The eacher should show the “cleavage lines” in slate but be 
sure notnto tell the children that these ave “bedding lines”, or layers 


originallim deposited at the bottom of the ocean. 


Cleavage 15 


mostly due to side-pressure of mountain masses in their upheavals 
but this,of course, must at present be only lightly glanced at, 50 


far as the children are concerned. 
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Illustrative Objects. Drawing chalk, rough chalk, lime- 
stone, lime, mortar, and cement. Diagram of toraminifere. 


Flint. 


0 


Experiments and Observations. 


Suggestions and nductions. 


TI. Chalk.— (a) Here is a piece of 
chalk brought from the clifis of the 
south of England. It is white, 
fairly hard, not in flakes like coal 
or shale, not to be moulded (plastic) 
like clay, and it does not break: 
up into yrains ke sandstone (Vide 
infra). It is fairly compact, and 
holds a certain amount of water in 
it. 


(Db) It is mostly made up of tiny 
“shells”, in shape like those drawn 
on the blackboard; but too small 
to be seen with the naked eye. 
Bits of corals and spongesstogether 
in some cases with flint, are also 
fond in chalk. 


(¢) ‘The little creatures that once 
dwelt in these‘‘tests”, and left 
them at the bottom of the ocean 
when they died, lived hundreds of 
thousands of years ago. They 
really built up the great hills 
and clifls of chalk in England, 


and in so many other parts of 
the world. £ b 


(4d) ‘This chalk is now used by us 
for the bottoms of walls, and to 
fill in foundations of roads; but 
above all to make lime, after it 
has been burnt in a lime-kiln. 


(e) The chalk on the ‘south-east 
of England is continued underneath 
thc Strait of Dover, and reappears 
on the opposite coast of France. 
In some parts where the- chalk 
hills reach the coast, as at Brighton, 
near Eastbourne, at Folkestone, 


I. (a) There must be a large 
quantity of chalk in. England, for 
the Dover cliffs in the picture are. 
several hundreds of feet high. 
‘These chalk heights run, moreover, 
along the coast for .muny:rmiies, 
und extent back inland, mak 
ing the North and Sonth Downs, 
and stretching across. the country" 
from Wiltshire to Flamborough 
Head. 

(b) The crzatures that lived in 
these “shells” are all dead. They 
have not even left ify bones, for 
they had none. ‘They must there- 
fore have belongéd to the animals 
without backbones (Invertebrates); 
and, as they are so simpie ih struc- 
ture, to low forms of EEE 

(c) All these remains of animals 
(and plants) that lived long ago 
ure called fossils. Sometimes 
fossils are larger shells, and ayen 
large . bones of animals. ere 
they are so small that we want a 
magnifying glass to see them. But 
they are fossils all the same. 


(d) As chalk and limestone are 
really carbonate of the metal cal- 
cium; and as all carbonates con- 
tuin carbonic acid, from which 
they derive their name, this gas 
must be present in chalk and lime- 
stone. b 

(e) The chalk is seen under the 
sea, when the tide is af ebb at 

Jrighton, and other south-east 
coast towns. It is ther also seen 
to be of the same nature as the 
clitis, and has flinss in it, if there 
are such in the chalk on the land. 


'E Shells of Foraminifera, greatly enlarged. 0 


0 . CHALKE Continued® 


Experiments and Observations. 


Suggestions and Inductions. 


[) amsyate, etc., they make 
bt: Sone of these 2% 
every high, as that at Beachy Head, 
he North and South 
Downs is a broad and long plain 
(the Weald), which was also at 
one time covered with chalk ; but 
this has since been removed by the 
action of the water. 
rhe shalk is also found under- 
neath th? surface to the north and 
south of these Downs. 
(Ff) As chalk is s0 very porous, 
we get large Supplies of water from 
it, where it rests on clay. London 


It is from the chalk cliffs of old 
England that its still older name 
“Albion”, or the White Country, 
is derived. The chalk is frequently 
eight hundred feet thick, and very 
close to the surface. On thie 
Downs there are rarely more than 
SIX inches of soil, and hence the 
grass there is very short, though 
very suitable for feeding sheep. 
The ‘“South-Down sheep” in turn 
are small, but sweet-eating ; ese 
results are dependent on the chalk. 

(Ff) The rivers that run between 
the North and South Downs are 
not checked in their courses by 


G2) 


Ge 
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Experiments and Observations. 


Suggestions and Ipductions. 


(partly), Brighton, and Folkestone, | 


are thus supplied with water from 
the chalk. But as chalk is also 
slightly soluble in water, this 
supply gives “hard” water, be- 
cause of the salts of lime in it. 

(9) A very important feature of 
one division of the chalk is to be 
noted in the flints. ‘These are 
found both in nodules, or more or 
less rounded masses, and in layers. 
When these are broken up in cliff- 
falls, and ground down by wave 
action, they furnish the boulders 
and pebbles that make the beach 
ut Brighton, Eastbourne, Folke- 
stone, Dover, etc. 

On the Downs themselves, where 
the chalk has been dissolyed out, 
and washed away by rains, the 
Slints have been left behind. This 
explains how it is that underneath 
the short turf of the Downs there 
is generally a layer of flifts, some- 
times a foot thick. 


IE Limestone. — (a) ‘Phere is ন 


kind of building stone that is of the 
same nature as chalk. It*is called 
limestone, because, like chalk, it 
cun be baked in a kiln, and turned 
into ‘‘quick-lime”, as we call it. 
It consists of the same materials 
as chalk (“carbonate of lime”), 
but was not laid down by the 
sume kinds of animals. 


(h) Limestone is harder than 
chalk, and can therefore be used 
to make the stone framework of 
doors and windows, pillars, and 
other parts of buildings. It is 
geiibrally white or cream-like in 
colour. 

(ec) One of the most useful pro- 
perties of limestone employed as a 


these heights, as 4s generally the 
case with elevations. They have 
dissolved out for themselves valleys 
through the Downs. This is a very 
marked geographical fentureoin « 
Kent, Sussex, and Surrey. ~ 

(9) We have seen dl 
“tests”? of the creatu 
which chalk was originally made, 
were partly flinty (siliceous) ib 
their naturg, We have also seewy 
that sponges have in them, in cer- 0 
tain varieties, stars ‘and i of 


flint (Vide Lesson on Spon Ce), It 


was chiefly from thede two soerces 
that the flints found i@chalk were, 
derived. ‘This is sometimes very 0 
clearly seen. ‘That is, there are 


Jossil sponges still left in the chalk, 


und around “these are deposits of 
flint ; or the sponges encised in 
flint. Often, on breaking a flint, 
the fossil shapeof the sponge is 
Seen inside. 

‘Therefore, both the rock itself 
and the flints in it, show the ani- 
mal (organic) origin of the chalk. 


্‌ TI. (a) In the places where there 
is Bre of chalk, as in the south 
of - England, lime is made fom 
this. My 

In other parts of England, where 
there is no chalk, it is made from 
limestone, for limestones are more 
widely spread about (distributed) 
than chalk is. ‘The Pennine Chain 
is made of limestone, and there ave 
beds of it in many other parts of 
England. 

(b) Only the best houses can he 
made entirely of stone, in districts 
Where there are no quarries. But 
even poorer ones mostly have some 
limestone (or sandstone) in them, 
over doors, and for wir low-sills, 
door-steps, etc. i 

(c) Durability is a very import- 
ant feature in a building: material. 


LJ 
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) 
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0 CHALE— Continued. 


Suggestions and Inductions, 


- ৩ 
Experimenfs and Observations. 
o- 


Dullding mater, is thut of being” 

easily worked, It can be readily 

suwn into blocks, for mullions for 

windows, etc. In this respect it 
, is yery different from granite. 

(4d) Ab the same time limestone 
is fairly compact, and will resist 
great crushing weights, and much 

oWear and tear. It is also not so 
cgriable as some loose sandstones. 

(e) All the aqueous, or sediment- 
Ary, TOCRS Were Griginally formed 

* out ofthe igneous rosks (granite, 
ete), worn down by rivers, glaciers, 
ete, Thesedgneous rocks contained 
in them the materials from which 
sandstones, clays,.ete., Were after- 
Wards formed. ‘They also contained 
sults of lime. Sonfb limestones, 
therefore, eae made from these 
mauterials, and are not of an animal 
(organic) origin. « ‘These inorganic 
limestones were generally luid down 
by rivrsy and not often at the 
bottoms of oceans. 

(f), When limestones are sub- 
jected to great heat in the crust of 
the earth,—as when lava is thrust 
through them,—the texture be- 
comes altered, and the rocks be- 
come crystalline in structure. ‘The 
best instances of this are seen in 
the various marbles. 


CD) 


১০ 


(9) One particular kind of lime- 
stone, found in the Midland dis- 
tricts consists of separate grains 
compacted and cemented together, 
but in visible grains, so that it is 
called “roestone”, from its close 
resemblance to the hard roe of the 
herring? 


But if the material costs more to 


work: and shape than it is after- 
wards worth, this latter quality 
will of course be of more conse- 
quence than even that of dura- 
bility- 

(d) The degree of the compact- 
ness and hardness of limestone may 
be seen by comparing it with chall 
which, NEAR speaking, is want. 
ing in this valuable quality. 

(e) We have already seen that 
we can divide rocks into three 
great groups :— 

(1) Igneous TOCks: granite, lava, 


(2) Sedimentary rocks: (a) যা 
(Db) limestones; and (ce) SE 

(8) Organic rocks: (a) coal (vege: 
table); (b) limestone, coral, chalk 
(animal). i 

‘Those in group (1), of course, re- 
tain no traces of life (fossils). 
Both (2 and (3) do so: the lime. 
stones chiefly of animal life, and 
that marine mostly. as 

(f) All rocks deep down in the 
crust of the earth, are exposed to 
internal heat: and all such, con- 
sequently, undergo changes. We 
therefor use the same word for 
these mineral changes, AS We em- 
ploy in dealing with insect and 
amphibian changes, হু «Meta 
ER if the rocks be NE 
altered in structure under 

(9) As the different layer 
ENE und trots) oF HE 
ENCE laid down at different 
সা es, under different circum- 
|) AMCes,_—some by rivers, others 
ES seas, etc.,—so the 
different materials have heen 
Oro Up into different varieties 
of rocks. Hence the many dider- 
ent kinds of limestones, organic 
and inorganic; of different tex- 
tures, colours, etc. 


(for- 
earth 
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 Fixperiments and Observations. 


Suggestions and Inguctions. 


(Ah) ‘To obtain lime, limestone or 
chalk is put into a kiln. This has 
% furnace beneath, and the heat of 
the fire makes a gas called carbonic 
«weid come off from the limestone 
or chalk. When this has gone, 
What is left is not limestone nor 
chalk, but lime, which we use in 
making mortar. 

(i) When slaked (slack) lime is 
niade from quick-lime, by the ad- 
(dition of water, the heut given out 
Shows “that some chemical action 
has taken placé. 

We also know this, because we 
cannot get back the water from 
the slaked lime, by any attempt 
at drying it. The water is locked 
up in thie lime: it has united or 
“combined” with it, to form what 
is really a fresh “compound”, 


(J) Limestone, like chalk, is 
Slightly soluble in water. In cou- 
Sequence, the streams flowing from 
limestone caverns will petrify ob- 
jects immersed in them, that is, 
Will interpenetrate them with 
lime salts, y 

Lime is also soluble; so that we 
can make ‘“‘lime-water” by putting 
ww piece of slaked lime into that 
liquid. ‘This fluid then has the 
Same alkwine properties which the 
solid slaked lime had, as we find 
if any of it gets into our eyes, or 
up the nostrils, when it “burns” 
them like “caustic”, the strongest 
of our alkalies. 

Tt is because of this property 
that lime is used by the tanner to 
remove the hair from hides, before 
turning them into leather. 


(A) The lime-kiln is like aw brieck- 
kiln, only it is chalk, or limestone, 
that is baked in it, not clay. ¥ 

As the carbonic acid gas,given 
off is poisonous, people should not 
sleep close to a lime-kiln,, Beggars 
sometimes do so in winter, and be- 
come suffocated from-the poison- 
ous gus given off. ut 0 

(i) Weé see that heat hus beey. 
generated, because the cold water % 
added has been éurned ingo steam, (d 
and it requires great heat ¢o bling 
about that’ change of “physical. 
state” in water, 1S We know by 
boiling a kettle over the fire, 

‘Phe heat is also made evident, 
when the bricklayer puts his ean of 
cold coffee ixsto the heap of slaked 
lime, for this soon hgcomes quite 
hot. 2 

‘The generation of heat is often 
a sign of chemical action. 

(J) Many chemical subs! 


Ges are 


‘often divided into Cy great 
groups: MEATS 


1. Acids, as vitriol, vinegar, eto. 
2. Ancalles, ns Tn BLS, SOU 

‘These are as opposite as possible 
in properties; and they act, on 
each other. 

This is how it is that a strong 
acid, as sulphuric acid (vitriol), if 
put to chalk, limestone, or lime, 
will act on these alkalies. Tt does 
s0 by turning out the carbonic 
acid in the limestone and chalk. 
In this way the acid acts in the 
same way as heat (when we make 
lime in the kiln). We know that 
this is the case, for we see the 
bubbles rise, and we can test the 
presence of the carbonic acid driven 
off by passing these throagh lime 
water, when. a cloudy jthickness 
arises in the préviously clear 
Water, and u sediment (precipitate) 


of carbonate of lime (calcium) is 
deposited. Ng 
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® TEACHING NOTES. 
We are aw in a region with, which the class teacher is niore 
familiar than che generally is with life-subjects; and, with his 
experience of, Object Lessons, the foregoing notes will probably be 


sufficient, and selt-interpreting. 


eA 


D °° 94. MORTAR AND CEMENT. 
(READER IIL, p. 100.) 
o 
= ‘Tllustrative Objects. Some slaked lime in powder; a 


‘tb lump of quick-lime ; some sand; cows’ hair; fresh mortar ; 
‘old niortar; liqui® cement; hydraulic cemenf in powder, 


and” somep that has set, 


oo 
bd Experiments and Observations. 


Suggestions and Inductions,. 


“ T. Building Materials.— (a) These 
“include timber, brick; slate, stone, 
mortar, tilesfdrain-pipes, etc. 
‘Phe mortar is used to fasten to- 
gether the bricks end stones. 


0a ১) 


(b) Walls houses, etc., built with 
© kindergarten bricks and cubes 
readily tumble to pieces, as the 
Pricks are not cemented together ; 
in @ real house we require all the 
walls to be ‘‘bound” or “tied” 
togethers to strengthen each other, 
just as the timbers are, though by 
different means. 


bs 

TJ]. Necessary Properties.—(a) 
Tn fastening timber we use screws, 
pails, and glue, The glue must be 
liquid, so that it may be spread on 
the surfaces that have to be joined 
together; but it must set”, so 
that these may not again come 
nsunder# ‘The same properties, 
for the sme reason, must be pre- 
sent in mortar, ‘The mortar Ey 
be soft and plastic, instead of 
liquid ; but it must “set”, 


I. (a) The first stone buildings 
made by man were of unhewn 
stones, which were merely piled on 
each other. Later, similar stones 
were cemented” by mortar, and 
later still ‘‘squared”. But clay 
probably would be first used in- 
stead of mortar. 9 e 
. (b) The reason why a tied wall 
is less easily ovecturned than a 
single course of bricks, is, that 
there is a greater mass of it to 
move. This greater mass offers 
greater resistance ; “Unity is 
strength”. We can, of course 
50 place our bricks together, that 


they may AC] ট) খে 
নয nay help each other's resist- 


IT. (a) Evident] i: c« 
HL ly what i. Y 
required is to turn EE) 
Parts into a connected whole. Bricks 
TErloed aArge enough to form 
Leet Portions of a wall would 
‘too heavy to be handler, 
“Again, the clay could not be 
easily moulded’ and baked in 
large masses. Moreover, some-- 
thing plastic would still be needed 
inside and outside the walls to 


keep out damp, and make the sur- 
faces watertight. য 
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Experiments and Observations. b 


ত 
Suggestions and Tndlctions. 


(b) As in the case of glue, the 
mortar must clingy so firmly to the 
Surfaces of the bricks or stones, 
that it cannot be readily separated 
from them again. 

(¢) The mortar must also be not 
Porous, that the rain may be kept 
from entering atthe “joints”? be- 
tween the bricks ; that is, it must 
be impervious to water, or at least 


as impervious as the bricks them- 
Selves are, 


(b) The glue or mortar thus acts 
as a tie to bind the two separate 
surfaces; it adheres to both and 
thus fixes the two together, © « 


(c) We see the necessity of this, , 
when bad mortar, with too little 
lime and too much sand, has been 
used. With age this bad mortar 
‘perishes ™, nd the bricks have t6G 
be “pointed” again, or gemented 0 
with fresh mortar. ARNT 

z 


JI. How Made.—(a) The ma- 
teials of mortar are quick lime, 
sand, water, and cows’ hair, 


(Db) The quick-lime is first staked 
or the addition of water. This 
chemically combines with the 
quick-lime, thereby turning it into 
« powder, and giving out such 
heat as to convert a part of the 
Welter into steam. 

(c) To keep in the heat, and to 
enable the waer to do its full 
Slaking work, the heap of slaked 
lime is covered over with sand. 

(d) ‘Then, by means of « shovel, 
the sand and lime are mixed to- 
gether, with the addition of water, 
into a kind of paste,—one part of 
lime and three of sand. When 
this mortar sets it absorbs car- 
Donic acid from the atmosphere, 
and so agnin becomes a “carbonate 
of lime”, as it was when first chalk, 
or limestone. It then joins bricks, 
limestone, and sandstone blocks 
into one mass. 


III. (a) In the making of dough 
from flour and water, We see some- 
thing of the sume mixing and 
moulding processes as are used in 
making mortgr. k 

(b) rarer evidently either mixes 
or combines with may more sub- 
stances than one would at first 
suppose, as we” learn. from the 
water present in ‘‘dry foods”, in 
vegetables, in animals; In salt 
crystals, and in this Jlaked lime. 

(c) ‘This reminds us of similarly 
covering heaps of logs with earth, 
in charring them into charcoal. 


(d) We sometimes similarly inix 
the ingredients of a plum pudding 
together first dry and tlien wet. 

We have already seen that in air 
there is a mixture of nitrogen and 
oxygen, and in water there is a 
combination (or chemical union) of 
hydrogen and oxygen. In mortar 
we have both a mixture of-sand. 
and lime, and a combination of 
lime and water 


IV. Cement.— (a) This is made 
of a Detter and stronger kind 
lime than that used for mortar. 

This lime has flinty matter in it, 


which makes cement set sooner 
than mortar does. - 
(b) Some cements, such as 


(a) As this cement offen sets 
under water readily, and ordinary 
mortar does not do 8D, there must, 
of course, be some difference in the 
nature and ingredients of the two 
materials. টু 


(Db) The Romans used this water- 
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ত 
Experiments and Observations. es 
o 


ঠা 
Suggestions and Inductions. 


Roman and Portland cements, 
set under water, and are therefore 
used in building walls, quays, and 
, embankments, for harbours, rivers, 
dels etc. ‘These cements are 
also usgd to cover outside walls 


0 exposed to damp. 


AO) Some of the cements used by 
eythe Romans in their buildings 

two thousand years ago, are still 

5q, harde that thesbuildings in being 
° pulleft down, breaks across the 
Stones, rather than along the 
‘‘courses dof cement between them. 

(d) Some cements are used to 
make pavements for causeways, 
footWays, ete. ‘They can be soon 
Juid down, und mfde to fill up 
Spaces of eny shape; they soon 
set; they resist wet; and are 
easily and quickly repaired when 
Worn, 

9 


EJ (e) Other so-called “cements”, 
(such as ‘liquid cement”, etc. ), are 
not used for building purposes, but 
tosfasten together broken g 
earthenware. 


resisting (hydraulic) cement thou- 

sands of years ago. Portland 

cement, of course, derives its name 

from Portland stone, which it re- 

sembles in colour only; but it is 

really formed from chalk and clay, 

mixed with water, dried and baked, 
und then ground to powder. 

(c) As the Romans were such 
splendid engineers, bridge-builders 
and road-makers, we should natur. 
ally suppose that they knew how 
to find, or make, the best building 
materials ; and tlfis was the CASE, 


° 

(d) As we cannot break up our 
paths in towns very frequently, 
nor keep them up long, when we 
are obliged to repair them, we seek 
for materials that can ‘soon be 
fitted for use. Granite sets are 
very durable, but they are lard to 
walk ofi,. Asphalte is not so hard, 
but too soon wears out. Cement 
forms a good surface fos walking 
on, and lasts well. 
(e) The name gud use of such 
materials for mending broken 
pottery, etc., were, of course 
derive®from the building cement’ 


0 


TEACHING NOTES. 


I. In this lesson the teacher should dr: 
° peveral ways of laying courses of bricks. 


1 English Bond. 


Two Methods of laying Courses of 


that thé children shoul 
in the EEN urhod ls 


AW on the blackboard 
€ should also Suggest 


Flemish Bond. 
Bricks. 


report where, in th ildi 
Ee Ne he school BullCings or 


these different methods of 
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bricklaying can be actually seer, Pictures of ancient “Cyclopean” 
buildings of unhewn stone should be shown; and the modern 
boundary walls of fields, in some counties (as in Derbyshire, ete.), 
can be referred to for illustration. 

TI. The class may be shown how easily the old bad snortar from 
a “jerry-built? wall may be picked to pieces with a knitting-needle 
or A knife-blade. * 

TI. All the operations here described should be performed Ey 
the teacher, with the assistance of the pupils, in front of the class ;. 
from the slaking of the lime to the mixing of the mortar With an 


Old iron spoon. 


TV. The teacher should use this cement similarly to the mortar, , 


in front of the class, by way of experiment. ¢ 


25. SANDSTONE. (Rear IL, p. 10) 
Illustrative Objects. Differently-coloured loose sands, and 


/ r 


sandstones; and sandstones of varying compactness. River- 
sand, and sand from the sea-shore. Coaise sand and fine 
sand from! a sand-pit or gravel-pit. These all its different 


glass bottles for comparison. 


Experiments and Observations. 


Suggestions and Tuduotions. ola! 


T:' Sant.—(a) In these small 
bottles T have different sands, all 
chosen for their‘ varying colours. 
‘The colours are not all so dull in 
these sands as in most other rocks, 
though most are almost colourless. 

" (b) In these other bottles there 
are some lumps of sandstone, chosen 
for varying in the same way as to 
colour. 


(c) Again, in these bottles the 
particles of sand are arranged 
according to fineness and coarse- 
NESS, 

(d) In some cther bottles, I 
have lumps of sandstone, chosen 
according to their different degrees 
of hardness. 

(2). Lastly, in these remaining 
two bottles, we have in one 
river-sand, and in the other se0- 
sand, of which the former is 
coarser than the other. 


L (u) Some of these sands are 
red, some cream-colour; but most 
are creamy. white. AJ] sparkle in 
the sun; that is because of the 
quartz, as we call it, of which they 
mostly consist. pl 

(b) Tf we rub down a sandstone 
We get sand. So that shows us 
that sandstones have been made 
up of sand pressed aud cemented 
together. 

(c) After the coarse sand has 
had a good deal more knocking 
and rolling about in rivers or seas 
it becomes fine sand. 

(ad) Tf there was little pressure, 
or little cement when they were 
made, the sandstones would be loose, 
or not very compact. . 

(e) here is more movement in 
the beating of waves shan in the 
flowing of n river; so sea-sand is 
generally worn down finer than 
river-sand. 


| 
| 
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SANDSTONE—Coutinued. 


Experiments and Observations. * 


0" 
Suggestions and Inductions. 


ST 
TI. Sandstones. — (a) These sand- 
stone rocks afe found on cliffs at 
the seaside. ‘They were formerly 
Washed up there by old seas; and 
afftrwards covered up by other 
rocks, and bound together by iron, 
limestont, or some other kind of 
‘‘cement”. ‘Then the sea once 
nore exposed them, and brought 
Ahem to the light of day. 
" (b) Sometimes thesé' sandstones 
tle sees in the steep walls 
oof natow river valleys, as in 
calgns (Videmsupra, River Action 
and Work gf Rivers). 
° (c) At other times we find the 
sandstones in land cliffs (scars or 
escarpments), or on the sides of hills 
and mountains, without any water 
at present ejther at their Dases or 
even very neur them. 


(d) These sandstones, like lime- 
Stones, are used for building pur- 
poses. "Iifey look different from 
limestones however; because they 
have particles of quartz which 
sparkle in the sun. They cannot 
be burnt into lime. 


IJ. (a) In all cases they must 
have been made out of older rocks, 
sometimes out of older sandstones. 
So the rocks of the earth are bein 
constantly made and remade ; but 
their materials are never " des- 
troyed. Matter cannot be des- 
troyed; when it seems to be 80, it 
is only changed into matter of 
unother form. 

(Lb) Very many river-beds are cut 
out by rivers flowing over, and 
finally through, sandstone rocks, 
as these are quickly worn away 
by moving water. 

(c) It does not m: 
high uy 


CE 
atter at all how 
D the sandstone rock may 
now be. Tt must atone time have 
been as low as the sen, or the river. 
Tf high now, this must be because it 
has been since raised Up, or because 
the river has made its bed deeper. 

(d) As'sandstones are of different 
colours, they make nice building 
stone, as they require no paint, yet 
always look handsome. This is 
very well seen in snany parts of 
Liverpool with its fine red sand. 
stone buildings. 


+ 


e 
1. This lesson should be asso 


and Wave Action (previously given in this 


and with a geography lesson. 
WwOrk of moving water; previous! 


TI. A good deal of “local colour” 


the preceding section, as illustra 
neic bouring streams, from local 
railway cuttings, etc. 

‘This subject is a good one to i 
forces, especially of winds 
Hew rocks out of old but np 

Tt is also a good one for te: 
forces taken singly may be mi 
long periods of time, ac 
boeni, “Little drops of 

For the first time als 


|| 


1) 


TEACHING NOTES. 


and Water, 
erishable m 


ccomplish mighty 
Water, Little grains of sand 
0 the subject introduces to t 


0 


ciated wi h the subject of River 
Object Lesson 
Here we have the results 
ly we had tl 
may be 
tions, from t 
sand-pits, fr 


lustrate the Const, 


In makin 
aterials. 


ancy of natural 
E and remaking 


aching the general law that thése 


ute, but in the aggregate, and over 
cffe. Repeat here the 

’, etc. - 

lie children the 
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general law of the indestructibility of matter, which i8 50 funda- 


mental in our conception of the universe. 
The kindred subjects of Coal and Iron 
elaborated in the Object Lessons 


in the Reuder, Standard ILL. 


© 
have been sufliciently 
in Standard I., and in the text 


0 


96. WATER AS A SOLID. (RrADsR IL, pb. 120.) 


Tllustrative Objects. Water. In winter a lump of ices 
Pictures of frozen pond, ice-floes, ice-fields, ete. L 


Experiments and Observations. 
+ 


Suggestions and Inductidis. Cu 0° 


TJ. Ice.—(a) Here is a lump 
of ice (or a picture of a frozen 
pond, Reader III., p. 123). The 
ice is solid, like the sandstone, lime- 
stone, chalk,.and clay we have 
already dealt with. 

(b) It will support a weight 
without giving way to it. ‘This 
you see by my putting this brick 
on this -lump of ice. A frozen 
pond cam even bear the weight of 
people standing on it. (See pic- 
ture, Reader III, p. 123.) 

(c) Ice keeps its shape so long 
As it does not melt, as you see 
in. the lump on the table, and 
still better in this picture of aon 
iceberg. 


I. (a) All bodies’ must. be (1) 
Solid, like ice; (2) irrid like 
water ; or (3) Gaseows, like air. 
In some cases the same body may 
be in all three different states at 
different times. A 

(b) Ice supports weight without 
giving way beneath it. Water 
also Supports weights, as e.g. a 
boat ; but only by giving way to 
them, or by the water véing dis- 
placed by the solid. 


(c) Whatever shape the ce 
has when it first breaks away and 
floats off, it retains all the while it 


is solid and is not broken by the 
BCU. ~ 


II. Freezing.—(a) This is the 
act by which a liquid becomes a 
solid, when sufficient heat is taken 
out of it, to enable it to do so. 
Heat expands solid bodies, and 
tends to drive their particles as- 
under: when the heat is with- 
drawn, the particles attract each 
other and cohere together. The 
same thing, with an exception at 
one point, happens with water. 

Pifferent liquids freeze at differ- 
ent temperatures: fresh water does 
so at 32° F. In cooling,- water 
contracts until it reaches one par- 

ticular degree of temperature 
(about seven degrees above freez- 


ITI. (a) Coldis the absence of heat. 
Cooling is the abstraction of heat 
from a warn body. ‘The three 
ditferent ‘‘physical states of matter” 
chiefly depend on,heut. They 
therefore also depend upon the 
attraction that makes the particles 
cohere. 

If the heat be very small in 
amount (or the cold be great), this 
attraction makes the particles 
cling together. $ 

Tf the heat be greater (or the 
cold less), the attraction is just 
overcome ; then the particles do 


not cling together, nor uo they fly 
asunder. 
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Section of an Tcceherg floating in Water, 


VATER AS A SOLID—(ontinued. 
Experiments and Observations. 
ing Point, or, 39°). When this 
‘critical point” is Tea. 
water slowly expands 

০ 


Suggestions and TInductions. 


=: 
But if the heat be Still greater, 
not only is the. attraction ote 


come, but heat acts as an SRE ie 
82°, and then does so Suddenly at | force to attraction, or as a force of 
the moment of becomin he 


ing frozen. repulsion. ‘The particles 


Eo) 
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WATER AS A SOLID—Continued. \ ) 


Experiments and Observations. 


£ Suggestions and TInduetions. 


Ice is therefore about one-ninth 
part more bulky than the water 
from which it is frozen. "It thus 
becomes lighter than the water, 
{and consequently floats, part of 
it remaining above the surface of 
the water. 


(b) Salt water’ does not freeze 
until its temperature falls below 
32° F. Seas, oceans, and salt- 
Water lakes, therefore, do not so 
readily freeze as rivers and fresh- 
water lakes. 

(ce) When the seu freezes it is 
really mostly fresh water that 
dloes so. Most of the salt is left 
behind in the unfrozen liquid be- 
neath the ice, and very little re- 
‘taired in. the ice itself. Other 
Solid matters besides salt are also 
excluded from the ice, when the 
Water containing them freezes. 

(d) Sometimes water freezes first 
at the bottom. Then gyrou-d ice is 
formed. This takes place when 
the bottom water is stiller than 
that at the surface, and because 
the stones at the bottom are colder 
than the air above. This is also the 
reason why the ice first forms on 
these stones or pebbles, which the 
ice will then float up to the top, 
like lemon pips buoyed up in soda 
water by bubbles of carbonic acid. 


(e) When the air above the sur- 
face‘df fresh water is colder than 
freezing point, it chills the surface 
layer of water also below that 
point. Butas heat expands liquids, 

‘go the loss of it contracts them, 


0 
influence of heat then fly asunder, 
and repel each other. 

The effects of the sudden expan- 
sion of ice at its moment of forma- 
tion are seen in rocks riven asunder 
by ice forming in their porgs. ‘The 
same thing takes place on 4 smaller 
scale, but more universally in cold 
regions, and in winter, in the 
breaking up of stiff soils. 
makes good tilth for the farmer and 
gardener for their seed-beds in the 
spring. [ ff 

(Db) As the only differonce between 


This 


a 


Ri 


JSresh and salt water is that of the , 


presence or absence of salt, and the 
consequent difference of density, 
it must be this salt in the water 
that for a tim€ checks the freezing. 

(c) Because of this fnct, the ice 
of floes, icebergs, etc.; can be used, 
When melted, for drinking pur. 
poses; just as is the case with sea- 
water, when, by distilling. the salt 
has been abstracted. « 


(d) We can raise immersed bodies 
heavier than water, by attaching 
to them substances very much 
lighter than water; as pontoons to 
sunken ships, air-bags to heavy 
weights, etc. In the same way the 
lemon pips (which are heavier than. 
water) are brought up by the 
bubbles of carbonic acid, if placed 
in soda water, that ‘is, in water 
containing carbonic acid in solu- 
tion. 

. Tn the case of ground ire, the 
ice represents the bubbles of car- 
Donic acid. 

(e) We could prove the existence 
of such a moyement by taking a 
test tube full of water, and cooling 
the upper portion of it, by means 
of ice, or by a “‘freezing mixture”. 
Tf a minutely divided, coloured 


টি 


J ) 
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Experiments and Observations. A 


2 হল ত 
Suggestions and Inductions. 


bo 
This surface layer therefore be- 
Comes heavier than the liquid be- 
neath; it therefore sinks to the 
bottom. 
* 


(f) A current is thus set up; for 
as the?colder and heavier water 
descends, its place must be filled. 
It can only become so by other 

2 pater taking its place. This can 
“™ only Come from the water beneath. 
An upward and downward current 
9 iS then established. » 
. [) 


[) 


(9), But in turn this second sur- 
face layer of water becomes cooled. 
‘This process goes on continuously, 
until all the Wafer is cooled down 
to 39° F. 

But we saw that at this “ecriti- 
Cal’? Dot the water as it cools 
begins to expand, and therefore to 
7136. So the surface water is now 
the cooler, and therefore reaches 
32°F. When it does so it 8, 
yd makes a thin film of ice. A 
Protection from the cold above is 
thus afforded to the water beneath. 

L(A) The water in contact with the 
under surface of the ice at the top 
gradually parts with its heat, and 

© In turn solidifies on the ice in ice- 


crystals. 


(i) These crystals, like those of 
SNOW, are six-sided. ‘This is Seen 
When we pass a sunbeam through 

‘ thin plate of ice, and throw its 
image on a screen. The crystals 
in thesice slowly melt; and the 
image of these liquid Portions is 
thrown on the Screen, surrounded 

= 
by the unmelted ice. 


(5) 17° frost gives a খা 
nl ofl Hee nother ex- 


'S process." In 


powder be then sprinkled on the 
surface of the water, it will be 
seen to descend to the bottom of 
the test tube, being carried thither 
by the cold water. 

(/) In the throat of a chimney, 
‘‘bottom heat” makes the ex- 
panded, lighter air ascend; and its 
place is then filled by the colder, 
heavier air from beneath. In the 
experiment, the opposite conditions 
bring about the sume results in 
Opposite directions. Here it is 
‘top cold”, not“ Pottom heat? 
that sets up the current. In dhe 
first case we should call the process 
Ventilation; in the second, Circula- 
tion. 

(9) It is fortunate 
expands between 39° 
this prevents deep 
ete., from freezing 
mass of ice. 

This is how it is, that even in 
the extremest Arctie TCLiIDNs, water 
is still left as aliquid on the earth, 
not only in the PCeans and seas, 
but even in deep Jakes. This is 
also the reason Why animal life is 
found there in the Sea, and even in 
these sume lakes, 


(h) When 
Which is colde 
Placed in cont 


that water 
und 829°; as 
Ponds, lakes, 
into one solid 


two bodies, one of 
tr than the other, are 
|: { act, the warmer rts 
EE ৯) heat by conduction as 
With the warm hand a 

Ho d and a cold 


animals and Vegetables, 
the Structure is made up of cells. 
HM minerals, the particles may be 
either without regular shape 
(amorphous), Or these may take a 
regular and uniform Shape, each 
Substance having its own. hese 
Uniform shapes are called crystals. 


(J) We-may see that hoar rot 
and dew are very much connécte 


ED 
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Experiments and Observations. 


Suggestions and Inductions. 


this case the water, which with 
greater warmth (or. less cold), 
wonld become dew, is converted 
into. hoar frost. That is, the 
particles of water solidify and 
take the usual six-sided crystal 
shapes, as in snow. This takes 


place When the surfaces of the 


together, from the fatt that 


the sume conditions that lead to. 


dew being deposited, or prevent it 
from being so, obtain with hoar 
frost. Thus. dew falls most on 
pebbles, etc., that rapidly lose 
their heat by radiation; and this 
is also the case with hoav frost. 
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Experiments and Observations. 


Suggestions and Inductions. . 


৩ 
iron railings, gravel paths, etc., are®| 
chilled down to 82° F. or less. 

This hoar fibst may be produced 
artificially in summer upon a 
Vessel containing a freezing mix- 

* tufe of broken ice and salt; little 
spikes, 0% needles, of ice then form 
On the olitside of the vessel. 

(f) Snow is another form of 
frozen water, crystallized as be- 

ipse. As we ascend in a balloon, 
or up a mountain into the upper 
regions of the a&', the cold in- 

Screnses Generally, therefore, if 
the air be sutguated, the moisture 
in it beqmes condensed into 

Piexagonal water-crystals. When 
these are brought together by the 
wind, or when they touch each 
other in falling, they ‘join together 
to make snax:fHakes. 

(t) Hail is still another example 
of frozen water. » This, however, 
falls mostly in summer, not in 
winter,,in, rounded pellets, not in 
flakes, and is made out of globules 
of water, rather than from vapour. 
It is therefore heavier, more solid, 


& 


) 


Again, dew falls most on clear 
nights; so does hoar frost, and for 
the same reason (the heat radiated 
from the earth's surface is not 
reflected downwards again by the 
clouds). 


(£) Snow must be frozen vapour, 
for it is visibly formed from the 
breath of men in Arctic regions. 
The. upper parts of the air are 
cooler than those nearer the sur- 
face, because the air over the latter 
is warmed by thé heat reflected 
from the earth, or radiated by it, 
In the sune way a mirror reflects 
light, and metal surfaces heat; n 
hot stove radiates heat from it, as 
is seen by its melting sealing wax 
bronght near it. 

(1), Hail is not merely frozen 
raindrops, since hail is often of 
many irregular shapes, and falls in 
very large masses. _ Its formation 
must depend a good deul more on 
the electric state of the air than is 
commonly supposgl, as it is so 


Eo) 
und more destructive than snow. sudden, so local, and so often met 
with in thunderstorms. 
0 ত Ee 


Say why finally a natural process 


Ppands the particles of Ww 
More eldstic. But all these nc 
this age to Srasp in their 
must be content to assume 
to glide over the 
minds of*the chil 


to results, and invariable sequence of c 
the conditions. In a broad sense, 
K of heat that a liquid is changed i 

Scientific sense, we can Say that this is d 


ater-dust, 


TEACHING NOTES. 


.T. This subject is much more difficult than the preceding, and 
dutroduces the children to Physics. 
teacher to remember that it is very rarely 


It will be as well for the 
» if ever, that we can 
takes place. We can only point 

AUuse and effect, and state 
We can say that it is because 
nto vapour. Tn alittle more 
one because the heat ex- 
and makes them lighter, and 


’tions are too difficult for childrev, of 
fundamental meanings. 
: A good 
RE difficulties ‘by ignoring them, until the 

ren have become more matured. Tt is because 


‘The teacher 
deal as being not difficult: and 
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Some teachers endeavour to explain REELS What they teach less 
than they would impart by attempting les: k A 

ন ti Subject vill DEE educative, if the experiments 
are made to serve as pegs on which to hang the results of obser- 

‘Vation and Experiment, without any reference to thie Constitution 
of Matter, and its laws. 

‘The teacher should also remember, that there are some young 
minds that do not take an average amount of interest in life-subjcats, 
Which are yet entranced with Physics, even in this elementary 
form. Here will be found a golden opportunity for indi vdualizing 
these children, and giving them a little more tether 5 a 
companions. To a small extent this will do away with the diflicul 5% 
of the simultaneous instruction of large classes, and the positsy 
harm sometimes inflicted by it. 


27, WATER AS A LIQUID.  (ReADER IL, p. 125.) 


Illustrative Objects. Tce, water, cup, Saucer, a kettle and 
2 sauce-pan. A fire or 1 spiritlamp. Wax, sulphar, and zinc. 
Pictures of pond, lake, river, sea, and ocean. 


Experiments and Observations. 


Suggestions and Indusetions. 


ৰ > 
TL. Water.—(a) Now we put a 
bit of this lymp of ice in the 
Ssauce-pan over the fire, and you 
see by my pouring off the water 
that it melts or dissolves. 

(b) Now, after this heating, or 
application of heat, as we call it, 
the subject we have dealt with is 
10 longer ice, but water ; and no 
longer solid, but liquid. 

(ce) That means that it will no 
longer support a Weight without 
giving way to it. This stone will 
not stay on the top of the water, 
as it did on the ice. If boys tried 
to walk on a river they would sink 
into the liquid, and find rest for 
their feet only on the solid river- 
bed beneath. 

14) This ice, as you saw, was 
of the irregular shape of a bit 
of rock, before IT put it into. the 
sauce-pan. 

Novw I pour the water made from 


i eA 

IL. (a) Then it was plainly heat 
that turned the ice (solid) into 
water (liquid). Heat always acts 
thus on solids if we have enough of 
it, unless the solid burns UWAN, 

(b) Here water stands for all 
other liquids. What it des under 
the action of heat they also do, un- 
less they consume away or’ are 
“burnt ?, or changed. 

(c) Even when water SCEMs. UY 
bear up the weight of n body with- 
out giving way, it cannot really do 
50, for the body partly sinks into 
the water. That is, it does not, 
altogether remain on the top, as 
rocks do that fall oh the ice of a 
frozen pond. The water always 
Slves Way to some extent 

(4d) The reason why liquids al- 
Ways take the shapes of the vessels 
holding them must be because they 
always seel: the lowest level. This 
must be the reason why water flows 


SAE? 


>. 


A) 


[») 


hb. 


. 
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8 WATER AS A LIQUID—Continued. 


Experiyents and Observations. 
Sor | 


Suggestions and Inductions* 


it into this siucer and into this 
cup, and it takes diflerent shapes. 
It takes whatever shape the vessels 
give it. But whatever the shape 
* OP the vessel, the surface of the 
Water in it is always level. 
rE 


down the beds of rivers and over 
waterfalls. Tf we pour water into 
 tea-pot spout it runs down it into 
the lowest part of the tea-pot, and 
always fills this part before it rises 
up to any higher part. 


TI. Other Instances.—We have 
Just said that it is the application of 
9 heat that converts ice into water. 
We have also said that heat nearly 
always g expands, bodies, — solid, 
o liquids Br gUSCONS. 
Asan instance of het expanding 
liquid, we Thay take this kettle of 
0 water boifing over the fire. So 
long as the water is cold, it just 
fills the kettle, but does not How 
out of the spout. But under the 
application of’ heat it runs over. 
‘This is puPy because the water is 
expanded by the heat. It is also 
partly because fie air in solution 
in the water has also expanded, 
nd risefPup in bubbles, forcing the 
Water out of its way as it did so. 
The single experiment therefore 
illustrates the double expansion of 
liquids and gases. 


(b) To illustrate similar expan- 
Sions of solids by heat, I drop this 
o piece of waz: on the top of this red- 


Hot plate. First the solid becomes | 


liquid, occupying a larger bulk 
than the solid ; next it is converted 
into gas; ‘This rises up in a white 
cloud, much larger still than the 
SOlid piece of wax was at first. 


el 
(¢) Again IT do the Same wi 
( / tL ith 
this Cll Piece of sulphur, and i 
similar résult is Seen, and the solid 


I. (a) We have 
that all substances 
time have been 
‘Physical states” 
liquid, or gas. 

It must be because of this 
Pwision that we draw a sauce -pan 
aside from the fire, and let it 
simmer instead of boil, if we can- 
not watch’it. Here, as the heat 
employed is not so great as in 
boiling, the expansion both of the 
water and of the air in it is less, 
and less sudden than in boiling’ 
We see this in the case of the air, 
for in sinmering the bubbles Ureak 
before they reach the Swface of the 
Water. 

We can see the air bublles rising 
to the surface if we look down into 
water that is bdiling. We can 
also see them burst as they reach 
the surface of the liquid, Our 
experiment is therefore a visible 
demonstration of the law men- 
tioned, on both sides of it. 

(Lb) As in the Preceding experi- 
ment, so here we can bring about 
the reverse results." That ig by 
withdrawing heat, we can convert 
the gaseous wax into a solid. ‘This 
We could do by collecting the Eas 
On a vessel, the cold sides of which 
Would abstract the heat from the 
HS. and so give us a film of wax. 
We have also a similar illustration 
When a hot fatty joint, just come 
from the gridiron, is served wp on 
a cold plate, K 

(ec) Sulphur is one of the few 
Solid substances that can be turned 
by heat into a gaseous form. 


already seen 
must at one 
in one of three 
of matter — solid, 


ন (N72) 
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WATER AS A LIQUID—Continued. ) 


Experiments and Observations. 


Suggestions and Industions. 


is finally converted to gaseous 
fumes. 


(d) But if I now try to do the 
same with a.piece of zinc, I do not 
get the same results. Before we 
Say, however, that heat will not 
expand zinc, and finally turn it 
into gas, we must try greater heat 
than we have here. 

Tf we put our zinc in a crucible 
into a white-hot furnace, we get 
“the same result as in the case of 
the ice, wax, and sulphur. Seeing 
that this is also the case with most. 
other metals, we come to a con- 
clusion. We say, all metals would 
expand, melt, and turn into gas 
under the application of heat, if 
only we had sufficient heat to en- 
able them to do so. 


substances “burn” before doing 
so, and are thereby altogether 
changed. fe 

(d) The application of this prin- 
ciple is sometimes of great useto 
us. Tf, for instance, we have ores 
of metals, and we wish to’get the c 
pure metal from them, we can do 
50, if heat will melt or turn the 
solid metal into a gaseous fori, 
We can show this by melting down 
lead in an infusible vessrl. ‘The 
fumes of the metal, as with‘quick- © 
silver, can be collected in a vessel, 
just as in the next lesson we shall 
see that the vapour ot water is 
collected in a condenser after dis- 
tillation. $ 

Of course, it does not matter 
whether the adulterating sub- 
stances are given off as gases, 
leaving the pure metal behind ; or 
the metal passes over, leaving 
the adulterations. We have the 


0 


TI. Convection of Heat. —(a) 
We have already seen that when 
two bodies, of which one i warmer 
than the other, are placed in con- 
tact, the heat of the warmer is 
given to the colder. We call this 
Conduction of Heat, and we gave 
an instance of it, —the water under 
the surface of ice thus parting with 
its heat, freezing, and thereby 
thickening this surface layer by 
adding to it from beneath. 

(Db) This is one way in which 
heat is frequently lost in solids. 
We also spoke of the earth giving 
off its heat, and becoming chilled 
at its surface at night time, so as 

to furnish a cold substance to con- 
dense the moisture in the air just 
above it into dew and hoar frost. 
This is a second way in which heat 
is lost by solid bodies, and we 


II. (a) To conduct is to lead 
away. 
heat. < 

But the material substance is 
not led away also, as in ths case of 
the hot air passing up the chimney. 
We shall see presently that there 
is another name for this loss of heat 
from a warm body. ) 


What is here led away is 


! 
2) 
নট 
separation of the two, arid that is 
all that is required. 
« 
/ 
« 
. 
0 
. 
(b) ‘There is such a difference in 1 
respect to the giving off of heat by % 
solids, liquids, and gases, that we ) 
might almost divide our subject 
according to these three physical 
States of matter”®’. Then we should 
have solids giving heat to solids 


by conduction ; and, in a less 
marked degree, solids giving heat 


to air (fluids) and solids by radia- 


n 
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Convection of Heat ™ 
by Wator. 


9 


Heat is not Convected downward. 


WATER AS A LIQUID—Continued. 


Experiments and Observations. 


Suggestions and Inductions, 


2 FF 
is mode Radiation of Heat. 
HOE the heat is not given 
by w solid to a solid by contact, 
but is sent out by the solid through 
the air around the heated body to 
: One, 
Ueto চম have still another 
way in which heat passes away. 
We showed an instance সঃ os 
Wi! riving it a name, whi n we 
SEA te roe of water in a 
test tube by ice, and showed that 
this led to currents in the water 
being established. ‘This is called 
Convection of Heat. b 
» , (d) We have here an explanation 
of the general circulation in the 
oceans. " ‘This may be illustrated 
experiment. 
Suh of SLO and put a lump of 
ice into it at each end of the trough, 
these chill the water there. ‘They 
thereby make it heavier, and cause 
ib to descend to the bottom of. 
the trough, as seen by means of 
coloured powders, 
Other water flows in to fill the 
place ofthis from the middle of 
the trough. 


If we take a |, 


tion; ‘This would leave liquids 
(and fluids) for the third kind of 
arting with heat, to be next 
Hessiiledl 


9 ) 


(c) We must notice that there 
is a great likeness between air 
and other gases (which are called 
fluids), snd water and other liquids, 
Both take the Shape of the vessels 
into which they are put, only the 
fluids are always Struggling to 
escape, whilst the « liquids re. 
main still. 


cold current coming to the fire, by 
means of the bellows, we not only 
make the fire burn bri. hter, but 
We also make the drau hit up the 
chimney Stronger. In fact, we set 

up a circulation. ্‌ 
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< 
T. This subject can be treated nvre experimentally, tha any we 
have previously dealt with ; and this is true of Physics generally, 


and still more true of Chemistry. 


‘Phe experiments should not, however, be performed merely ৰ 
amuse the children. They are of little use unless the fundamenta 
principles for which alone they should be performed are Re 
evident. That is, they do not furnish’ the lesson, but illustyate 1 f 
Tt is, of course, best to give the experiment before the statement of 
the natural law it illustrates ; but the meaning of the experinient 


Should closely follow its performance, or go along with it. 
TI. This department of the subject should be treatéd 


collateral argument. Tt is not the main teaching of the lessons it 
is only introduced to clinch the remembrance, of the action of ive 


under the application of heat. 


0 
TTL. This part of the lesson is again extremely impgrtant, as 
giving us some Natural Laws of Heat, just as in the next lesson 


Distillation and Condensation follow at the end of the lesson as 


principles derived from the. concrete illustrations preceding it. 
Theory should always be enunciated subsetjuent to practice, 


deduction to induction. 


In lessons to children oursendeavour 


should be to treat the matter as.we do in arithmetic ; give ex- 
wmples, and from them deduce the rule ; not give th rule and then 


illustrate it by examples. 


7) 


28. WATER AS A GAS (VAPOUR). 
(READER IIL, p. 129.) i) 


Experiments and Observations. 


Suggestions and Inductions. 


IL. Water.Gas. Vapour.—(a) I 
put a lump of ice into the kettle 
on the fire. ‘Then, not only does 
the ice turn to water,—or from 
w solid to a liyuid state,—bnut also 
the water turns into steam. That 
is, it has changed from a liquid to 
un gJuseous state, or to rapour. 
(Vide Picture, Reawler IIL, p. 
130.) This is evaporation. fi 

(by Instead of always Leong 
the same shape, as the solic 
did, or even taking the shape of 
the vessel holding it, and remain- 

ing at rest in the lowest part, steam 


‘ Vapours seem always to 


I. (a) In both cases it is the 
same power, or force, that does the 
Work of changing the ‘physical 
state” (solid or liquid) of the 
matter (ice or water) into another 
“physical state” (gaseous vapour), 
as steam. This fire gives heat, and 
the opposite to heat is “cold”? or 
“‘coldness”, which is the want or 
absence of heat. 3 

(b) Steam and other gases and 
be at 
“work”, They: will not “lie 
still”, They try to force their 
Way into the smallest nooks and 


[0 
[ue 
Aas only ac 


“oc gis (water-gas) only, it 


® water W. 
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VJATER AS A GAS (VAPOUB)—Continued. 


Experiments and Observations. 


ত 
always tries to get out. It seems 
as if it did 1ot like to be confined 
in any vessel, cr kept to any shape 
atall. If the gas is lighter than 
the air, it tries to rise up in it. 
Jf it is heavier, it sinks down in 
it. 
(c) Another way of looking at the 
struggle of gases to be free is to 
> potice that they fill the whole of 
E any empty vessel into which they 
are put, Now steam is a kind of 
is speci- 
ally known.as “vapour”. hat 
other gases vill do the vapour of 
] therefore often do in 
like circumstances, and steam will 
thus spread out and fill the whole 
of ‘the vessel into which it is put. 


(d) Buff the vessel be a small 
one, then the more steam 1s sent 
into. it, the mote the particles of 
steam become confined together in 
the drG@wded space. As before, 
each particle struggles for its free- 
don; and therefore the greater the 
number of strugglers the fiercer the 
struggle, So this effort to escape 
may be made use of as a4 JSorce to 
dd work. We can use the steam 
to lift.up weights, as it lifts the lid 
of the kettle; and to move parts of 
machinery, a8 in the steam-engine. 


(e) Another way to i 
power of the stru, le! 
them still hotter. This gives them 
greater stren, th (makes them more 
clastic) to lift up weights, or to 
move parts of machinery. This is 
how it is that steam becomes so 
great a moving force to steam- 
en ht etc. 

emust take care that our prison 
is stronger than the ENO 
the latter will break bounds. This 


I~ 


Suggestions and Inductions, 


corners, Wherever they can get. 
This is why steam is such a 
capital thing to put out fire aboard 
a ship with closely packed cargo, 
to which water cannot be made 
to penetrate. 


(c) In solids and liquids the par- 
ticles expand very little under heat, 
because the solid particles cohere, 
or stick together, and in liquids the 
particles do not repel, or drive 
each other away, as they do in 
gases and vapours. 

‘This latter property must there- 
fore give the reason why steam ills 
the whole of the vessels into which 
it is put (unless it be condensed 
into water by the cold sides of the 
vessel). 

(d) Any force that can be used 
to lift a weight, or to move a wheel 
or any other part of a machine, can 
be employed by man to do work: 
for him. Some of these forces are 
natural ones; as winds, fafling 
rivers, etc. Others are artificial, 
or are called ito existence by 
man; as steam from the heating of 
water. 

Water, as a Vapour, is therefore 
the most useful servant to man 
It is not so strong as explosive 
forces, such as gunpowder, dyna- 
mite, etc. But it is more under 
man s control, and therefore not 
) (TRE ০ use as the latter, 

€ is the elastic power 
steam that is made REEL a ট 
moving or motive force. We speak 
i 2 solid body, as an india-rubber 
LN being elastic, when ‘it re- 
bounds. A gas is elastic in the 
sense that it is always trying to 
elbow its way through a crowd of 
its fellow particles, and to escape 
from control. 

In both these cases, the elastic, 


solid and gas, may be compressed, 
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WATER AS A GAS (VAPOUR) —Continuef. 


Experiments and Observations. 


Suggestions and Inductions. 
e 


is what takes Place when there is 
@ boiler explosion. 


(.f)_Of course as heat makes the 
Particles of steam stronger (more 
elastic), so cold, or the withdrawal 
of heat, makes them less so, or 
Weaker. 

(9) Again, as it was heat that 
turned the watery into steam, so 
the taking away of heat by cooling 
Suriaces, by jets of cold water, etc... 
will turn the steam back into cold 
Water, or condense it. 

(A) The other way of weakening 
the force of steam would be, o 
course, to let some of it escape. 
‘This the engineer does when he 
has greater force than he requires, 
and is afraid that his boiler will 
burst. 


= Se Ee 
or the particles may be squeezed 
closer together, for 2 time. ‘The 
rebound only takes place when the 
pressure is taken off. Liquids, 
Such as water, are also elastio; 
but they can be only slightly com- 
pressed. © 

(f) This must be the reason why 
steam coming from a funnel, soon 
loses the power to force aside the ©. 
great weight of air; and so ceases 
to rise. ৰ a 

(9) This, again, may be proved c 
from the steam coming from the 
funnel of a locomotive, As we 
stand in the way of the falling and « 
condensing vapour, we feel that it 
is moist to our hands and faces. 

(A) Just as two horses, or two 
steam-engines, are stronger than 
one; so two, or two finllion par- 
ticles of steam confined in a boiler 
are stronger thau one, or one 
million. If a master requires less 
Work done, he dismisses “come of 
his “hands”, 


I]. Evaporaticn.— Instances of 
evaporation ave: the sun turning 
the water of seas, lakes, etc., into 
Water-gas or vapour; clothes dry- 
ing in the wind, ete, In these 
and similar examples it is always 
heat that does the work. K 


I. By its form we may judge 
that the word evaporation refers in 
Some way to vapour. ‘The word in 
fact means to make vapour ont‘of 
a liquid by means of heat, in this 
Way it means the same as vapour. 
izing. 


IL. Condensation. (a) But by 
holding a cold object (spoon, 
slate, shovel, ete.), near the spout 
of the kettle, we turn the water- 
gas back again to water, We must 
have a name for this work too, and 
we call it condensiny the vapour. 
This is the work of condensation. 


(b)_Another instance of conden- 
sation is seen in the cold air 
turning the steam coming out of 
the funnel of a locomotive into 
‘‘woolly” masses, which resemble 


II. (a) By giving heat to a liquid , 
We evaporate it; by taking heat 
from a vapour, or by cooling it, we 
condense it. 

Just as we sometimes use an in- 
strument for evaporating, 50 we 
likewise use one for condensing ; 
and we therefore call such an 
instrument a condenser, A 

(b) The heat of the coal’in the 
engine furnace turns the water in 
the boiler into Water-gas, 


By the coldness of the air taking 
the heat out of this hot Vapour it 


( 


[ 
“© 
4 
(U 
( 
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TV. Distillation. We must have 


2 WATER AS A GAS (VAPOUR). 119 
. 
>) 
পট E 
0 
. (৬) 
5 1 
of ‘ae 
dri 
f o Still for preparing Distilled Water. 
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WATER AS A GAS (VAPOUR)—Continued. 
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Experiments and sObservations. 


Suggestions and Inductions. 


White i ir above 
whité clouds in the air a 
Ha and are made in a like man- 
ner. (See picture, Reader, p. 134.) 


turnsit back again to water. This 
is why we find water formed where 
a waste steam pipe opens in the 
air. . 


mames for the work done when 

14 water turns into steam, and the 
steam “afterwards turns again to 
liquid. We say the water is eva- 
porated and the steam condensed. 
Sometimes we have both these pro- 
cesses’ carried on in one instru 
ment; as in the distillation of water, 
Spirits, etc, 


IV. A still is an insttimene for 
turning a liquid substance into 
vapour, and then condensing the 
vapour into a liquid form. 

Spirit, or alcohol, is driven off 
from still. That is the reason 
why _ such spirits are called 
“distilled liquors”. Evaporation, 
owing to the sun’s heat, followed 
by condensation, is Nature’ way 


of doing man’s work of distilling. 


o 


TEACHING NOTES. 


TJ. (a) The teacher should point out that, as in the previous ex- 
periments with wax and sulphur, the vapour of these still consisted 
of wax and sulphur, ouly in a different “physical state” so vapour 
and steam are still water. This might be Proved, by condensing 
the hoisture of breath, and the steam from a kettle of water 
into drops of water, by means of a cold slate. fo’ 

(b) The strong effort of steam to occupy larger and larger space 
‘may be illustrated by the extraordinary volume of steam from a 
kettle spout and from the funnel of a steam-engine. 


0 
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(d) ‘This point may be illustrated by reference tp sheep crowding j 
aud hustling each other in their efforts to pass through a gatew ay, os 
aud to boys let loose from schoo] doing the same. she a ৰ 
numerous these are, the more they press outwards if their efforts 


to escape. In this comparison the sheep and boys represent 
jostling particles of steam bounding against and repelling each 
other. ঠ: 

(e) Air, or coal-gas, in a partially collapsed bladder, after bef 
heated in front of a fire, will well illustrate the effects of leat in 
increasing the elasticity of gases, which may here stand for the o 
Vapour of water. { 

(f) Reversely, if this bladder be distended by heat, and be then jat Ca 
Placed in a cold draught, the sides collapse and wrinkle into folds ‘oe 
as the elasticity of the contents decreases. 3 ্ে 


00 
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29. ICEBERGS AND GLACIERS. 0 


(READER IIL, pp. 197-145.) 


Illustrative Objects. Pictures of snow on slopescef moun- 
tains, and at sea-leyels in Arctic regions. Pictures of ice-floes, 
icebergs and glaciers; and of lateral, central, and terminal 

. moraines. Boulders with striated surfaces. Pictures of 
“roches .moutonnées”, and of blocks perched on the edges of 
precipices, and of erratic blocks in cliffs of boulder clay, etc. 


0 


Experiments and Observations. Suggestions and Induction. 


T. Icebergs.— (a) In winter time, (a) This proves that ice must be 


if we break the coating of ice on a 
Pond, we see that the broken 
InAsses of ice still float on the water, 


without any support from the land 
around the pond. 


(b) Tf the wind blows strongly 
on the pond, we see that this ice is 
shifted about on the water, like a 
raft. Buta raftwith a sail set up 
on it would move still more. Soif 
the ice were not flat, but raised up 
in masses, as in the picture (pp. 
138, 11), these masses would act 
as sails, and the ice would float 
away more quickly. 

_ (ce) Again, if it be a river that 
has the masses of ice on it, these go 


lighter than water. a 

We have already seen that it is 
50 because it°has expanded in 
freezing; and so bulk for bulk it 


has less matter in it as ice than as. 


Water. 

(b) A ship is helped or hindered 
not only by the wind blowing upon 
its sails; but also when it blows 
against its huge sides. In the 
Same way, a train is sometimes 
Ereatly hindered, and even stopped 
altogether, when a hurricane blows 


against the carriages. This 1s also - 


what happens with regard to the 
huge sides of a large iceberg. 

(ce) Whatever floats in water is 
for 4 time treated by the {ater as 


Co) 
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‘The Frozen Polar Sea. 
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Experiments and Observations. 


Suggestions and ENON: 


With the current, or stream of run- 
ning water. They would of course 
do so, whether the moving water 
Were fresh or salt. ‘This is what 
the icebergs in the picture are 
doing. The ocean has streams of 
Salt water in it, ‘‘ocean-rivers,”? as 
We might call them. These carry 

" With them drifting wrecks and 
drifting icebergs. 

‘The currents in the cold northern 
Arctic regions are in some parts 
currents of cold water from the 
Poles to the equgtor. ‘This, there- 

Ore, is the southerly direction 
taken by the icebergs that come 
from the Arctic Ocean. 


(d) But as these proceed south- 
Ward they come into warmer 
regions. They therefore evaporate, 
and melt away, more and more 
rapidly from the warmer air around 
them. 

fe) ‘Tlie waters of the ocean 
beneath them also become warmer 
as the icebergs }zoceed southwards. 
This warm water at the “roots” of 
the icebergs therefore slowly melts 

their bases. For both re: NS, (dl) 
and (¢), the icebergs therefore be- 
come less and less in bulk, and 
finally disappear altogether, long 
before the equator is reached. 


(/) Tf we float a piece of cork 
and a piece of hard wood of the 
same size and shape, in Water, we 
notice that there is more of the 
cork than of the wood out of the 
water. From this we see that we 
can tell how heavy a floating sub- 
stance is compared with water, by 
the proportion of it in the water. 

Tf the wood or cork were just as 
heavy as water, the top surfaces 
would be just level with the water. 

If they were just half as heavy, 


or 


if it were a part of St, Wherever 
the water goes, thesfloating sub- 
Stance goes likewise (unless hin- 
dered by an opposite wind). ‘This 
is seen in rivers and in ocean 
currents. Rivers will carry gway 
houses, trees, dead animes, etc. ; 
and ocean currents have been 
known to carry closed’ bottles 
thousands of miles. 
that the ocean is never still. We 
have already segn that the warm 
waters at the equator flo’ 
the poles; and the cold water at 
the poles towards tft ec uator, in 
the Ocean Circulation. 2]t is ns ae 
part of this genera circulation that 
the particular ¢urrents that bear 
off the icebergs do their work. 
(d)-(e) Tf we put a bit. of ice 
in a saucer in a warm $dom, we see 
the result of both processes. ‘The 
icemelts and evaporates. Thesame 
thing must also take place in our 
antl as warm weather apgmaches, 
The advent of summer produces 
the identical effect of approach to" 
warm latitudes. ‘The ice on the 
pond becomes thinner; and, if then 
broken, the masses become smaller. 
We see this, but we do not so often 
take note of the loss by cvaporation, 
as we do to that due to heat. Yet 
we know that: snow evaporates, as 
it becomes smaller in quantity 
even when it does not melt. ol 
(/) We call the weight of tu 
substance compared with its Size, 
its density. A “heavy” substance 
is thus a “dense” One, or has great. 
“density? ; a “light” substance is 
one of little density. Sometimes 
We compare thedensitiesof different 
Substances, taking water as a stan- 
dard. In doing this we fay that 
the density of ice is less than that 


of water, as 8 is less than 9. ‘This 
Would mean that § gallons of water 
Would wi 


eigh about as 1uch as 9 


We. know oe. 


WAndS of 


2 


(" 


. 


GLACIERS and BH ডি 
Fig. 2 e BIN 


ES, Fig. 1, Mer de Glace (Mont Buet), showing lateral mornin 
;Ober-Aletsch Glaciers meeting and forming medial moraine; F 
lowing terminal moraine. = 


Glacier of Zermatt, s 


THE OBJECT LESSON HANDBOOK. 


ICEBERGS AND GLACIERS—Continuedg 


PART IHL 


. 


Experiments and Observations. 


Suggestions and TIndugtions. 


they would float half in, and half 
out of, the water. 

We know that ice is about one- 
ninth part lighter than water ; so 
We also know that there will be 
about eight or nine times as much 
of the iceberg under the water as 
there is above it. ‘This shows us 
What a huge size icebergs often 
must he, as they frequently rise 
100 ft. above the water. 


- . 
gallons of ice. We might put this 


in another way, an& say that 8 
cubic feet of water would weigh as 
much as 9 cubic feet of ice. 

As salt water is heavier than * 
fresh, because of ‘the salt. in it 
(which is heavier than water), the 
density of the ice from it pu 
different compared with the salt 
water from that between ice aul ©. 
fresh water, as in a river or pond Kr 


TI. Glaciers.—(a) If we lightly 
press a handful ef snow, it becomes 
changed into small lumps of ice 
cemented together with snow. Tf the 
pressure were continued, and the 
masses were kneaded together with 
our knuckles, we should at last 
get very compact ice. 


(b) In high mountains in tem- 
Perate, and in still higher moun- 
tains in tropical, regions, there is 
line of t<perpetual snow”. Here 
the snow falls all the year round, 
and accumulatés, Then either it 
1S carried away by avalanches ; or 
the snow and ice ts slide down 
the slopes to melt away below the 
line of perpetual snow.= 
(c) At lower levels in Arctic 
TEgIONns, as in Nor » Greenland. 
etc., the snow simi rly gathers, 
and is passed on to lower levels. 


(d) In both (b) and (c), the pres- 
sure of constantly falling snow be- 
hind converts the snow beneath 
into ice, and slowly forces this 
dows the slopes, or towards the 


sea. On the mountains, there 
must be funnel-shaped valleys, 
with narrow mouths for these 
snows to uceumulate in. “The 


2 
ক = 4 
II. (a) This experiment @x latns °° 
why at the beginning pf the glacier « 
we have snow ; below this névé, 
ice; and at the bottom, after all® 
the pounding and kneading has 
gone on, hard, steel-blne, compact 
ice. ‘This glacier ice ‘is at first 
loosely compacted, and very 

ent from that slowly formed in 
water. 4 

(b)=(c) The low ffopical regions of 
the earth have no snow ; the cold- 
temperate have snow only ifi'winter 
the polar regions have snow all 
the year round. At great eleva- 
tions there is the same climate in 
tropical as in polar regions. 

It must therefore be only,in 
polar regions, or in high eleva- 
tions, that we can expect.to find 
the cradles of glaciers. 

Jf the climate of a country be- 
came colder, we might then have 
glaciers where they did not prevj- « 
ously exist ; if, on the other hand, 

4 glacier country became warmer, 
the glaciers would disappear parti- 
ally or altogether. 

(d) If in winter time we pour 
Water down a hill-slope, an let 
this freeze, the frozen water affords 
@ capital surface for sliding or 
tobogganing. ‘As this “surface 
melts in the day time, we could 
increase its thickness by pouring 
down more water at night, We 


0 


should thus get an ice-cap. That 


2) 


SY 
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ExperineRts and Observations. 5 


Suggestions and Inductions. 


S.- 
open slope of the polar country, — 
or the ice-slGpe made beneath by 
accumulated ice hundreds of feet in 
thickness,— Suffices tomaken roud- 
hering snows that 


other causes, be- 


sides pressure from behind. Among 
© these are the ol ving: Eo 
Sy he glacier is 


(1) The surface of t 
melted 


then 
crevices 


(2) Some of the water in the 
s]acier, melted trom the ice by the 
gun in the day, freezes at night. 
In freezing it expands. ‘Phe pres- 
gure thus caused cannot force the 
glacier upward against gravity, 
hor sideways against the walls of 
the valley which the glacier has 
scooped out of the mountain's 8 
it ‘therefore helps in pushing the 
mass downwards. 


(3) Ice is plastic, like thick pitch. 
Tt thereforé behaves as this would 
do on a slope. ‘The glacier thus 
travels faster at the middle than at 
the sides, where it drags against the 
walls of the valley; and faster at 
the Surface than at the bottom, 
Where it also drags. So in passing 
downwards, the glacier becomes, 
as it were, kneaded together, as it 
melts under pressure, and freezes 
again when the pressure 


is 


would explain the perpetual cover- 
ing of ice found all over Greenland, 
except on the shore-line, where the 
warn water of summer time melts 
the snow and ice near it. 


(e) (1) When two solid sub- 
stances are being rubbed together, 
certain liquids, as oils, placed be- 
tween the rolling or grinding sur- 
faces, lessen the friction. Water 
will do this, as we sometimes find 
when we fall on a slippery wet 
pavement. The avater beneath a 
glacier also carries away the sand 
made in the grinding. Tf this 
were left it would act like emery 
powder, and increase the friction. 
‘Phis explains why many exposed 
glacier beds are often as smooth as 
glass. 

(2). We might explain this ex- 
pansion of water on freezing by 
leaving out on a window sill on a 
cold night a small bottle of water 
to be frozen. . Then we sould find 
the bottle cracked by the expanded 
5 Q 


ice. 

Tf the bottle were placed on a 
slope, the expansion, with proper 
inclination of the slope, would be 
sufficient to make the bottle roll 
down the inclination, Here the 
bottle would represent the glacier, 
and the window sill the bed of the 
glacier. 

(3) We can partly understand 
this difference of rate by noticing 
that on 2 river, likewise, a floating 

Yk will travel faster in the 
middle than at the sides. 

But we can see this still better 
by letting treacle slide down an 
inclined slate, as here the motion 
is slow enough for us to examine it. 


a) 


lightened. 
\ 
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jrauite, B (Moe perehel; resting on a glaciated surface of 
ae RRO SAE b 


“ 


bo) 


Glacier Table, Large flat stone supported on a pillar of ice; 
all the surrounding ice having VCR RIE Hy CECE, 


Muss of Boulder Olay.” 


RTH EE Eee out of boulder cIny), 


and striated surface. 


) 
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JCEBERGS AND GLACIERS— Continued. 


i) Experiments and Observations, 
TD = BL: El 
TII. Work done by Glaciers.— 
(a) The first @ffect to note is that 
caused by the grinding of the 
glacier against its bed, and against 
CHE walls of the valley through 
3  ywhichit descends. This effectisto 
carve ddt the mountain’s side, and 
to carry away rocks, boulders, and 
mud from the sides and bottom of 


ই jhe valley. 


[c 


> 60) Other rocks are carried down 
t ntfirst on the surface of the glacier. 
Phese have fallen there from the 
valley slopes: But they gradually 
> ecome miked up with the ice, as 
the glacier is kneaded and re-made 

in passing Expugh gorges. 


TES 

(ce) From beneath the glacier, 
the water that bns melted from it 
often rushes out in its descent, 
this would be sufficient alone to 
form tli source of a large river 


(such as the Rhone and Rhine): Tf 
| the amount be less, yet the glacier 
te in melting must yield a supply of 

water. ] 

[) Tn both cases the water becomes 


a carrier of mud, silt, sand, pebbles, 
cte. As it flows on for thousands 
of years, ib and the glacier together 
“pick the bones” of the country; 
: Pl they lessen the height of the moun- 
~ tains, and strew their materials at 
their bases. 


(d) The same kind of work is 
done on the ice slopes of Arctic 
countries. But here the glaciers 
do not melt at their terminations. 
They slide on into the sea, and are 
there broken off by the rising and 
falling tides, and by storms. The 
broken portions then float away as 
icebergs. i 


" 


Suggestions and Inductions. 


TIT. (a) It is obvious that if the 
continents are being thus con- 
stantly worn down by glaciers 
(and rivers), and carried out to 
the floors of the ocean, the land 
must all finally disappear, unless 
the counteracting work of upheav- 
ing by earthquakes and volcanoes 
were going on at the same time, to 
raise anew these lands and con- 
tinents. 

(Lb) We have already seen that 
the water in crevices of rocks ex- 
pands in freezingeand thus rends 
the rocks asunder, It must be in 
this way, and by the grinding 
action of glaciers against the sides 
of the valleys, that these rock- 
masses fall on the surface of the 
Ee 

(c) ‘The ice of the glacier, a 
the water melted OTA NTR 
as parine ‘The ice does the 
heavier work of carrying dow 
the large rock masses, and pal 
ally grinding them to" powdt 
‘The water does the lighter work 
of carrying away the “rubbish? 
left by the master-workman. 

As in, different parts of our 
country we find boulders removed 
miles away from their original 
homes, and as they are too i Ng 
to have been ec: |: ৰ 

Ave een carried away by the 
waters of the rivers, we conch: it 
that they have been cs ried 1 rE 
Since there is nothing els, Gh 
i) দ্‌ remove them. a 

[A '« i i 
beret Ss BY thus think of ice- 
and of glacie ’ EE PEED 
ES TS as the parents of 
jodie nt also remember that 

Ce DErgs as well as glaciers ave the 
carriers of rocks and sand ;,/only 
they drop their rocky burdens on 
the floors of the ocean, not at the 
bases of mountains. 


128 THE OBJECT LESSON HANDBOOK. PART II. 


TEACHING NOTES. —- 


If this lesson be given in winter time, the teacher shuuld mani- 
pulate a handful of snow; as suggested, and let two or three of the 
children do so, likewise. - 

Pictures of glaciers in mountain regions (in Switzerland, Norway, 
i should be shown; and others of polar regions (Greenland, 
Iceland, etc.) on lower levels. io 

‘The teacher should point out that conical mountains (volearoes) 

© would shed their suow in avalanches, as the roof of a house casts 
off the snow in sheets. But shallow valleys, wide at the top and 
narrow at the bottom, would form basins, like reservoirs for water, 
with the exception that, instead of an émbankiment, there woud. 
be an open mouth below, for the passage of the glacier.” 

‘The viscous nature of ice should be illustratea in its ¢fectsas 
described, without the name of the property being given to the 
class. ‘ 

It is important that the class should notice the muliplicity of 
causes to produce one effect (the downward motion of the glaciers) ; 
25 this is so frequent a phenomenon in Nature, and yeung children 
are apt to conceive of an effect ns the result of one cause only. 
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$0. THE ATMOSPHERE. (RraniR IIL, p. 159.) 


Illustrative Objects. A toy balloon filled with hydrogen; 
® toy fire ball on; a soap-bubble ; pictures of a balloon (Reader, 
P. 155), and of clouds (p. 157). 


= 


Experiments and Observations. 


Suggestions and Inductions. 


I. Composition.— (a) The air isa 
mixture of EAsSes,— mainly nitrogen 
and oxygen. There are about four 
parts of the former 
the latter, in every five. 

(b) ‘The oxygen of the Air, as 
we have already seen, ‘supports 
combustion”, or allows lights, fires, 
etc., to burn in it. 

(c) The nitrogen in the atmo- 
spheric mixture1s of use to prevent 
this burning process taking place 

too rapidly. 


I. (a) There must be oxygen in 
the air, for we could not live with- 
out oxygen; and there is nothing 
except the air from which we cour 
obtain it in our daily lives. 

(b) We also seethat the ait must 
contain oxygen since our fires and. 
lights burn, which they could not 
do without oxygen. 

(e) But the air is not all oxysn, 
Since iron burns in that gas when 


tre; and our fire grates do not 
Urn in the air, 


II. Properties.—(a) Like all other 
ASCs, the air is elastic, and, like 


IL. (a) Tf any substance gives 
Way under pressure, an bounds 


Ys 


Xe 
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THE ATMOSPHERE— Continued. 


Experimgnts and Observations. 


Suggestions and Inductions. 


EE 
them, can be made still more so 
(aus I now hake the air in this 
Ppop-gun) by pressure, 

(b) Its elasticity can also be in- 
cfeased by heat, as you see when 
IT bold before the fire this paper 
bag haif-filled with air, since the 
air inside then swells, or expands, 
and forces out the walls of the bag. 
0 ই Qur warm breath also expands a 
i 2s0ap-bubble. 

a (c) We can ges work out of the 

1). pressiire of the air; us in a sail- 

ing Ship, wind-mill, etc. It will 

in like manner force up a balloon, 

> which might even carry men and 
luggage. 

(d) Heated air also does work, 
ns in venfilating a room. ‘Then 
the heated, bad air rises up the 
chimney, and thus makes room 
for colder, purer air to come in 
at the doors, etc., to take its 
place. 


C0 


back again when the pressure is 
taken off, we say it is elastic,—as an 
indiarubber ball. 

(b) All gases and vapours will 
expand, and become thinner and 
lighter by heat. This explains 
why the steam comes out of the 
locomotive funnel with such force. 
and why the steam lifts the lid of 
@ kettle containing boiling water. 


(c) Many other instances of 
mechanical work done. by this 
mechanical pressare of air ‘can be 
given by the class; as in flying a 
kite, firing a pop-gun, Working a 
fire-engine, etc. 

(ad) " he class may also conclude 
that this is mechanical work, since 
the heated air will lift’ light 
weights (fine tissue paper, WISps 
of wool, etc.) that are dropped just 
in front of the chimney—and will 
cause the smoke to pass upwards. 


TIL. Moisture in the Air.—(a) 
‘We said before that the sun 
causes water to rise from the 
seas, etc. (Evaporation.) 

(b) As we rise to great heights, 
as ‘in « balloon, or on the tops of 
mountgins, the air becomes colder. 
This moisture then also becomes 
| colder. Then it is condensed (Con- 
J ১ densation). 

১ (c) In condensing, vapour takes 
the forms of cloud, mist, fog, hoar- 
frost, dew, and rain; and with 
still greuter cold, the form of 
SNOW. 

“  (d) Clouds are not all alike. 
Nome are comparatively low (rain- 
clouds, or nimbus); some are 
woolly masses, like fleeces, high 
up in the air (cumulus); others are 
Streaky, and still higher (stratus) ; 
lastly, some are like little wisps 


sky, uid'in these pictures of them. 


II. (a) As the sun shines onl. 
by day, it is then that the air TE 
be warm, and the Work of evapora- 
oa ciety carried on. 

(b) As the opposite is the cas 
at night, the Opposite kind of OLE 
or condensation, must then be most, 
রি on. Hence, heavy dews 
নন en seen in the early morn- 
(c) The mist 1s clo: 

3 SESt t 
ee LEE highest BONS 

5 We find these latter vary 
greatly in height, 3S 


ERE highest clouds must be 
Ty lightest ; and the lowest the 
re lest and fullest of moisture. 
oe latter will, therefore, soonest 
all In rain; and so are well walled 
7ain-clouds. ‘The highest clouds 
lve promise of fine weather, rather 
than of rainfall shortly to come: 


(cirrus). We see all these in the 
(NTE: 


v 


{1 
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Experiments and Observations. 


Suggestions and Indagtions. 


IV. Carbonic Acid—(a) Besides 
oxygen, nitrogen, and moisture, 
there is a small quantity of carbonic 
acid mixed with these in the air. 


(b) We have already seen that 
carbonic acid is given off when 
limestone or chalk is burnt in a 
limekiln. All other forms of 
burning, or Combustion, also pro- 
luce it; and this ‘product of 
combustion” passes into the atmo- 
sphere. % 

(2) But there is a slower kind of 
combustion going on, when animal 
or vegetable substances decay or 
putrefy. So we may say another 
cause of the presence of carbonic 
acid in the air is Putrefaction. 

(d) But the same kind of process 
is also going on inside us, and in 
all animals that breathe. The 
Waste products of this slow com- 
dus‘ion are carbonic acid, and a 
few other substances. 
Say that another cause of carbonic 


acid EE Present in the atmo- 
sphere is Re, 


So we may . 


IV. (a) Tf we take away all the 
oxygen, the nitrogen, and the 
moisture from air, we find there 
is a small quantity of somethin 
else left. This is usually the gas 
we are now talking about. 0 > 

(b) We have already seeu' that 
chalk, and limestone, are carbonates, 
and that this would show that they 
contain carbon. Most combustible টী 
Substances (such as fats and oils) 
also contain carbcn, and therefore 
give off carboaxic acid when ournt; 


(c) We might judge that putre- 
faction is Hike SU ES he- It 
cause a decaying heap of manure, { 
etc., gives off a great Ideal of heat i. 
and steam. 5 

(d) It is fuel that is consumed in 
a fire and in a fumace. We do 
not, take in “fuel” exactly like 
this. But we do supply the body 
with food substances, as regularly 
as the stoker supplies his furnace 
with coal, coke, etc. It must 
therefore be our food that serves 


Spiration. as fuel, and that gives off carbonic. 
acid in the burning. ৰ 
TEACHING NOTES. 
LI. This will 


be t} j i ৰ 
Batt an OH hie first lesson given to the class in combined 


+ It will } 
these two gases—oxy gen নম LES Suffice to tell the class that? 


emist: 
far as burning (Supportin 
piration), are concerned. 
does its Work, as this is a very 
out Of shape an indiarubber 


pressed hard on a greasy slate, 


alters its shape (as indicated by the mark it leaves on the Slate), but 
immediately recovers its shape when the pressure is 


E Combustion), and breathing (Res- 
A small piece of magnesium wi i, 
class, to show the children how brilliant 


2 'y simple and 
IL. This elasticity may be il usteated' ৮ 

r ball filled ww 
one of the same material, to show the cl 


the elastic substance f 


V { 


gen—have opposite properties so 


ht be burnt before the ~ 
ly the oxygen of the air 
cheap experiment. 
Y temporarily sqheezin 
ith air, and then a solid 
ass that when thrown, or- 


| 


or a moment 


Withdrawn. 


o 


1) 0- 
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TIL. Here ths teacher should refer back to the lessons on these 
[1] subjects. * 

2 Tn tho fountry, opportunitysshould be taken to make the class 
very familiar with these cloud forms, as so much. depends in rural 
districts on being able to foretell the weather within short intervals. 
Moreover, there is an immense beauty in clouds which most people, 


except artists, miss, from not having their attention directed to 


them. 
[2 ) 
2 
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tripartite classification recom- 
mended by the Board of Educa- 
tion. No. I, 24.; No. I, 4a; 


No. II, 42. Answers (complete); 
cloth, 62. net. Es 


Blackie’s Script-Figure Arith- 
metics. 

In Bold Written figures, specially 
dtsigned for the series. Nos. 
I and IJ, Id. each. Nos. III 
and IV, 24. each. Nos. V, 3a., 
VI, 4d. Cloth, 1d. extra each. 
‘lnswers III, 3a. net; III-IV, 
3d. net; V-VTI, 34. net, 


ne 


o 0 


The Century Arithmetics.® 
The features of this series are grad- 
ing and grouting ofoand the large 
number and varietyaoof, the sums ; 


with lucidity of arrangement. 


No. I. —16 pp, paper, 1d. 
No. I. —24@P., 1d. 

No. HI. —32 Pp, dd. 
No. IV. —40 PP.» 1 ado 
No. V. —30Pp 2d 
No. VI-VII. —64 pp. » 3de 


Cloth, 
‘The Sevey Nuatners in om-Yyoime, 
cloth, 15: 44d. ANSWERS separately? cloth, © 

3%. net each ; or in one vol., 15. 64. net. 


Blackie’s New Scottish Arith-0. 
metics. ED) 


i>) 

A First Coursein Arithmetig (Juni 

Division). Paper, 4d. La 9 LX 
A Second Course in Arithmetic 

(Senior Division). Clot, 62. With An- 

swers, 84. ANSWERS, sepantely, 3. net, o 
Merit Certificate Arithmetic. Cover- 

ing the whole work of the Standards. Cloth, 

8d. With Answers, clots. 107. ANSWERS, 

separately, cloth, 34. net. 


Blackie’s ArithmeticZf Tables. 
Price Id. 


Id. eXtra. 


— 


ARITHMETICATL SHEETS 


¢ i 

Typical Government Problem 
Sheets. - 

Printed on strong manilla paper. 
Size 30 X40 inches, and mounted 
on rollers. Sets for Standarf\s 


TIT and IV, price 65; each. o 


The Vivid Mental Caiculator 
and Table Tester. 
Printed in Colours, cloth backed, 


ge 44X36 inches. On rollers, 


5. o° 


The Vivid Concrete and Ab- 
stract Arithmetic Sheets for 
Number-Laying. 

4 A Sheets printed in Colours. 

ith Cover, Ios. per sefu_ Col- 

y oe 1 Es: to EE 
sheets, in box, 42. In kets C 
7 BESTT Packets of 

== = 


Hand-and-Eye Arithmetic. 
A Teacher's Handboo kK. Crown 


8vo, cloth, 1s, 2. NN 
[ -- 


ke 
<: 
i 


A New Geometry for Beginners. 
Theoreticale and Practical. By 
Rawdon Réberts, B.Sc. 1s. 6d. 

Preliminary Geometry. 

By Rawdon Roberts, B.Sc. Cl.,1s. 
Fiementary Geometry of the 
Pe Line, Circle, and 
Jane Rectilineal Figures. 

By cil Hawkins, M.A. On the 
liné Gf the new Cambridge Uni- 


E20) versity Syllabus. 3s. 64. Also in 
হ্‌! 0 ‘two Parts, 25. each. Ay, 55. net. 
Le © Hdementary Plane Geometry. 
f By V. M. Turnbull. Cloth, 2s. 
SP veraAs in Theoietical and 


Practical Geometry. 

By R. B. Mofgan. Cloth, 1s. ° 

© Construct@ve Geometry. iy 

Arranged for the First Year's 
Course ip-Slence. By John G. 
Kerr, LL.D. is. 6d. 

Elementaly Graphs. 
By R. B. Morgan. Crown $vo, 
cloth, 15. 6dxwAnswers, 4d. net. 

Euclid’s Elements of Geometry. 
Edit by A. E. Layng, M.A. 
With Exercises, Appendix, and 
Examination. Papers. Books iL 
to VI, and XI. Crown Svo, cloth, 
35. 6d. Book I, 1s.; TI, 6d; 

0 HL, ts; IV, 6d; V and VI 
wgether, Is.; XI, 15.62. Books 
T-il, 1s. 34; ELS. 5 1-AV3 

+ 25,64. Keyto Book I, 2s. 6d. net; 
complete, 55. net. 

A New Sequel to Euclid. 
By Professor W.]J. Dilworth, M.A. 

2025.64. Part], Is. Part IJ, 2s. 
Layng’s Exercises in Elemen- 

tary Algebra. 
By A. E. Layng, M.A. With or 

‘without Answers. Cloth, 1s. 

EF--5> Mathematical Problem 
Papers. 

By Chyrles Davison, Sc.D. Con- 
taining numerous problems in Al- 
gebra to the Binomial Theorem 
Euclid, Books I-VI and XI, and 
Trigoppmetry to the Solution of 
Triangles and Geometrical Appli- 


cations Cin 8vo, cloth, 2s. 


8 


Euclid, Algebra, &c. 


With Answers and Hints for 
Solution. 2s. 64. 

Blackie’s Euclid and Mensu- 
ration for Beginners. 

F’cap Svo, cloth, 6d. 

Euclid, Book I. 

Paper, 2a. 

Elementary Mensuration. 
Lines, Surfaces, and Solids. With 
Numerous Exercises. By J. Mar- 
tin. Iod. 

Descriptive Geometry. 
Including chapters on Plane Ge- 
ometry and Graphic Arithmetic. 
By Alex. B. Dobbie, B.Sc. 2s. 

Mathematical Facts and For- 
mule. EY 

By A. E. Lyster, M.A. 
§vo, cloth boards, Is. 

Elementary Text- Book of Trig- 
onometry. 

By R. H. Pinkerton, B.A.(Ox 
New Edition. Fcap Boat 
2s. 

Blackie’s 
ginners. 

From Notation to Simple Equations 
and Square Root. With Ah- 
swers, cloth, 6d. 

Elementary Algtbra. 

From Notation to Easy Quadratic 

Equations. Cloth, 1s. 64. With 

Answers, cloth, 25. Alsoin three 

Parts, 3a.; cloth, 4d. each.  An- 

Sets 3%. net each; complete, 90. 
Algebra. 


Up to and includi )' i 
and Scales of Nene RE 
G. Kerr, M.A, LL.D. Et 
a 25. With Answers, 
Algebraic Factors. 
Howto Find them and how to Use 
them. By Dr. W. T. Knight. 
Cloth, 25. Key, 35. 6d. net. ্ি 
An Introduction to the P:ffer- 
ential and Integral Calculus. 
With examples of applications to 
Mechanical Problems. By W. 
J. Millar, C.E. F’cap 8vo, cloth, 
Is. 6d. 


Crown 


Algebra for Be- 


Mathematical Wrinkles for Ma- 
triculation and other Exams. 

Six Sets of London Matriculation 
Papers, with full Solutions. By 
Dr. W. T. Knight. F’cap $vo, 
cloth, 25. 6d. 

First Mathematical Course. 
Containing Arithmetic, Algebra 
(to Simple Equations), and the 
First Book of Euclid. Reduced 


Price, Ts., with or without An- 
Swers. Answers, 64. net. 


“ Science 


FOR ORGANIZED SCIENCE SCHOOLS Yo 0) aL 
Science Yandbooks for the Laboratory and the Class-7oom 


Elementary Physics. 
Practical and Theoretical. First 
Year's Course. By John G. Kerr, 
M.A.,LL.D. Illustrated. 15.62 
Elementary Physics. 
Practical and Theoretical. Second 
Year's Course. By John G. Kerr 
and John N. Brown, A.R.C.S. 2s. 


Blackie's Mathematics, First, ey 
Second, and Third Stages. 
FIRST STAGE." Euclid and AlEtbra. { 
Paper, 64., cloth, ta EY 
- SECOND STAGE. cEiiclid and Al- 
gebra. Paper, 104., cloth, Is. < 
THIRD STAGE. Afgebra. Cloth 
limp, 64. Layng’s Euclid, Bogks 
III, 2s. F 
Answers to each Stage, 34. net. © 
Azy to Stage I, cloth, Is. nets 


Elementary Chemisthy. i 
Practical and Theoretic. By T. 
A. Cheetham, F.OS.3First Vear’s 
Course, 15. 64. Second Year's 
Course, 25. od 
Constructive Geometry. / 
Arranged for First Vear’s v 


Course. By John G; Kerr, LL.D. E L 
1s. 60. ad |. bi 


ELEMENTARY SCIENCE TEXT-BOOKS 


0 


Suited 13 the Science and Art Syllabus e l- 


Chemistry for All, or Ele 
Alternative Chemist! 

By W. Jerome Harrison, EGS 
and R. J. Bailey. 1s. 6d 

Elementary Inorganic Chem- 
istry. 

Theoretical and Practical. 


mentary 
Ty. 


By Pro- 
fessor A. Humboldt Sexton, 
FelL.C., F.C.S., &c, 25. 6d. 


“ General principlesare clearly laid down, 
and particular attention is devoted to the 
important subject of chemical arithmetic.” 

— Daily Chronicle. 


Elementary Hygiene. 


By H. Rowland Wakefield, 


Science Demonstrator, Swansea 
School Board. F’ea PSvo, cloth, 2s. 
‘Laboratory Exercise Book. |) 
For Chemical Students. LEDS, LS .k 
for analysis; Sheets for results. 
By E. Francis, F.C.S. Paper, 60. 
Elementary Hygiene and Phy- ‘ ( 
siology. k: 
By H. Rowland Wakefield. 25, 6d. < 
Elementary Physiology. ~--n 
By Professor Ainsworth Davis, 
With Appendix for Agricultural 
Students. Fcap Svo, cloth, 2s. 
Elementary Physiology. 
y Vincent T., Murché. Being an 
En arged edition of Muishes Ani- 
logy. TF ‘cn Svo, cloth, 


9) 0. 


[2) 
Magnetism and Electricity. Earth-Knowledge. Part I. 
By W. cl eromg Harrison and A Text-Book of Jlementary 
Dharles A. White. F’cap §vo, Physiography. By W. J. Har- 
cloth, Ev Tison, F.G.S., and H. Rowland 
o CS Wakefield. 25. (For Part Il 
A Text-Book of Geology- see Advanced Series.) 
An Introduction to the study of | Elements of Metallurgy. 
<? the Rocks and their Contents. By W. Jerome Harrison, F.G.S., 
o0By W. Jerome Harrison, F.G.S. and William J. Harrison. ITlus- 
Mew Extended Edition. 35. 64. trated. Cloth, 2s. 6d. 
a ~~) 
Light, Heat, and Sound. EE Text-Book of Coal- 


6 © By C. H. Draper, D.Sc.(Lond.), 
© Headmaster of the Technical 
School, Brighton. F’cap 8vo, 
cloth, 2s. E) 
0 2) 


By Robert Peel, Mining Engineer. 
With many Illustrations and a 
Coloured Map of the Coal Fields. 
Tenth Edition. 2s. 60. 


EE oR 


|) 


Elementary) Botany. Theoretical Méthanics. 
© By Joseph W. Oliver, late Lecturer (Solids and Liquids.) By R.'H. 
o) on Bokny at the Birmingham Pinkerton, B.A.(Oxon.). Fcap 
Techffical Sghool. Cloth, 25. Svo, cloth, 2s. 
4D 


An Elementary Text-Book otf 


{এ $ 
i Elemen*pry Agriculture. Applied Mechanics. 


By R. FP. Wright, Professor of | By David Allan Low (Whitworth 
Agriculture rep lasgow ‘Technical Scholar), M. Inst. M. E. IPcap 
College. ‘Feap Svo, cloth, 1s. 6d. Svo, 2s. 
> ্ 4 Outlines of Natural Philosophy. 
Practical Experiments in Ele- By Prof. J. D. Everett; DCL, 
mentary Science, or First FE.R.S. Fceap Svo, cloth, 45. 
Steps in Earth-Knowledge. >) 
lo) Being an Introduction to Physio- | Chemistry Demonstration 
[/] graphy. By J. Ansted Harrison, Sheets. 
3.Sc.(Lond.), and W. Jerome | By E. Ftancis. Formule with Dia- 
Harrison, F.G.S. Illustrated. grams and Sheets, 37" x28", 33 
° * Crown $vo, cloth, 25. 6d. * 6d. each. 
5 ADVANCED SCIENCE TEXT-BOOKS 
oo 


Suited to the Science and Art Syllabus 
ESE Ye 


0 
) C7 Earth-Knowledge. Part II. 
© Aext-Book of Physiography. By 
W. Jerome Harrison, F.G.S. [5 ৰ 

he and BoE Rowland Wakefield. CE emetary and Advanced.) yl 

) ie Sevthth Edition. 25. 6d bl ২ Us 2 
 d 

pe 


An Elementary Text-Book of 
Physiology. 


MN.B. Fcap 8vo, cloth, 
The Student’s Introductory 
Ee of Systematic A Text-Book of Heat. 
By J. W. Olive 
45. 6d. 


2) 


) 


Do 
El 


By Charles H. Draper, B.A., 
Ne Svo, cloth, D.Sc. (Lond.). Crown $vo, cloth, 


45. 6d. 
[) ক 


Elementary ‘Text-Book of Dy- 
namics and Hydrostatics. 
By R. H. Pinkerton, B.A. F’cap, 

Svo, cloth, 35. 6a. 

Hydrostatics and Pneumatics. 
By R. H. Pinkerton, B.A., Balliol 
College, Oxford. Crown 8$vo, 
cloth, 45. 6d. 

The Arithmetic of Magnetism 
and Electricity. 

By Robert Gunn. F’cap $vo, cloth, 
25. 6a. 


GENERAL HANDBOOKS IN 
SCIENCE . 

Deschanel’s Natural Philos- 
ophy. 

By Prof. A. Privgt Deschanel. Ed- 
cited by Professor J. D. Everett, 
D.C.L., F.R.S. Sixteenth Edi- 
tion. I8s.; in Parts, 45. 6d. each. 
Parr I. Mechanics, Hydrostatics, &c. 

Eat. 


*— Electricity and Magnetism. 
PART IV.-— Sound ড্nণ Tighe We 


Elementary Building Con- 
Struction and Drawing for 
Scottish Students. 

By Prof. Charles Gourlay. With 
<24 Ppletes and full descriptive 
letterpress. 6s. net. 

Plates of Elementary Building 
Construction for Scottish 
Students. 

Being the 24 plates of the above 
with introduction, done up in 

RED 35. 6d. net. 

ectrical Engineeri 
suring TNE Ee SN 
By G.D. Aspinall Parr, M. 
AML Mech. E. Ww 
rations. 323 pa 
cloth, 9s. মত be 
1 ৰ) 
HE Ophthalmic Optics. 
Jy Freeland Fergus, M.D. 
F.R.S.E,  Tllustrated. Pca 
8vo, cloth, 3s. 6a. net. z 

Kerner’s Natural Hist 
EE j Ory of 

Their forms, growth, reproduction, 
and distribution. From the Ger- 
man of the late Anton Kerner von 
Marilaun, by F. W. Oliver, M.A., 
D.Sc., with the assistance of Lady 
Busk, B.Sc., and Mrs. M. F. Mac- 


M.Inst.E.E., 
ith 370 Tlus- 
Demy $vo, 


6 


0 


donald, B.Sc. With about 2000 
original woodcut illustrations, In 
wo volumes, 30s. net. 

Official Report of th® Nature- + 

© Study Exhibititn and Con- 
ferences, 1902. 25. 64. net. 

Nature Studies. (Plant Life.) 

By G. F. Scott Elliot, M. Av 
B.Sc., F.-R.G.S. A very clear, fil, 
and up-to-date exposition of Plant 
Life in its myriad forms. cCibwn 
Svo, cloth, 3s. 6d. 2 ’ 

The Coal-fields of Scotland. o 
By Robert Dron, A.M.I.C.E Tn 
M.ILM.E. A full and detailed, 
description of gll the mining areas # 
in Scotlapd, illustratedQ Git» rs 
series of maps of the various coal- 
fields. Demy 8vo, @oth, 15s. net. 

Fuel and Refractory %aterials. ° 
By Professor A. Humbo Sexton, 
F.IL.C., F.C.S. Yirown Svo, 55. 

Elementary Text - Book of 
Physics. Fa 

By Professor Everett, DIG, 
F.R.S. Ninthasaion. Fcap 
8vo, cloth, 3s. 6d. 4 

An Introduction to Arelytical 
Chemistry. 

By Prof. G. G. Henderson, D.Sec., 
M.A., and M. A. Parker, B.Sc. 
5s. [ij 

A Text-Book of Organic Chem 
istry. 

By A. Bernthsen, Ph.D. Tras. 
lated by G. M‘Gowan, Ph.D. 
New Edition. Cloth, 7s. 6d. 

Progressive Lessons in Science. 
Practical Experiments with Food-¢ 
stuffs, Soils, and Manures. By 
A. Abbott, M.A., and Arthur 0 
Key, M.A. With Tntroduction 
by T. G. Rooper, H.M.1.S. 
Crown 8vo, cloth, 3s. 6a. 

An Elementary Text-BOuL bf 
Anatomy. 

By Henry Edward Clark. Ilus- 
trated. Crown 8vo, cloth, 55. 

Food and its Functions. 
CREO for Students of 

ery. By James Knight, D.Sc. 
M.A., B.Sc. Er Crown 
- 


8vo, cloth, 25. * } 


0 On 


Jugior Chemistry, and Physics. 
An Introduction to Elementary 
Science. By W. Jerome Harri 


Justrations and diagrams, Crown 
8vo, cloth, Is. 6a. 


“Chemistry for Beginners. 
eBy W. Jerome Harrison, F.G.S. 
pth, Is. Also in three Parts, 

ea PEP? 4d; cloth, 5d. each. 


Chemistry Demonstration 
es © Sheets. 
G Light sheets. 3s. 6d. each. 
Mechanics for Beginners. 
te By Did Clark. 220 PP-, cloth, 
15. 0d. Also in three Parts. 
Part T, piper, 44.5 cloth,. 5d. 
vo Parts If) and Il, paper, 5d; 
cloth, ft. each. 
Animal «Physiology for Be- 
inners. 
By Vin@eet T. Murché. 160 pp., 
cloth, 1s.p6d. Part I, paper, 
4d.; clo! /. Parts II and 
III, paper, 54.5 cloth, 6d. each. 


hes) 


—া 


Practical Book - Keeping for 
Commercial Classes. 

Git Exercises, Examination Papers, 
and Answers. By Walter Grier- 
Gon. Is. 6d. Key, 35. 6d. net. 


A Handbook of Cookery for 
School and Home. 6d. 


0 
‘Cookery for School Girls. 
© “en Elementary Lessons. By 
Mary R. Macdonald. Paper, 3d.; 
cloth, 4d. 


oo Cookery and Laundry-Work. 

oath simple lectures on Hygiene 
and Housevwifery. By L. C. 
Angjews. F’cap $vo, cloth, 8a. 


Food and its Functions. 
A text-book for students of 
Cookery. By James Knii Ht, 
D.S€ Mlustrated. Crown vo, 
cloth, 22 GS fe 


2 


son, F.G.S. 7 With numerous ile 


Book=Keeping Ee 


Science for Beginners 


Agriculture for Beginners. 
By Professor R. P. Wright. 144 
Ppp-,» cloth, Is. In three Parts, 
paper, 34.35 cloth, 44. each. 


Botany for Beginners. 
By Vincent T. Murché. 1 ig 
cloth, 1s. Also in Ue PARE 
paper, 32.; cloth, 4d. each. 


Magnetism and Electricity for 
Beginners. 

By W. G. Baker, M.A. 1s. In 
three Parts, paper, 3.; cloth, 
4d. each. Y 


‘The Newton Nature Readers 
Anew series of Nature-Knowledge 
and Elementary Science Readers. 
With coloured illustrations, List 
on Application. 


Blackie's Object-Les 
Science Readers. Fe SG 


FD ৰ ৰ by 
IER List on Applica- 


() 
A Practical Treatise on Book- 
PEAY Double Entry. 
y David Tolmie. 6. 
Key, As. net. fh TP: 


“Cookery, Domestic Economy, &c. 


Domestic Econom 
By EX Rice, 1s. Ge Tra 
RS Paper, 3a. ; cloth, 4d. ach 
e Teacher's Manual of Les- 
BOTT Domestic Economy. 
. Major, B.A., B.Sc. 45. 60. 
Ea of the Science of 
aundry-Work. k 
For Students and Teachers. By 
BL garet Cuthbert Rankin. 15.60. 
ackie’s i a: 
} REET RES Ecsnomy - 
The lessons provide a complete 
course of practical instruction in 


all the branches of housekeeping. 
In 8 numbers. Fully illustrated, 


। 


PP) 
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Guides to the Science Examinations 


A Series of Aids for Students 
Science and Art Department, wit! 
Answers to Questions. 64. ta 9a. 


Perspective, Sciography . 


Elementary Perspective. 


By Lewes .R. Crosskey.  Super- 


royal $vo, cloth, 3s. 64. 


Advanced Perspective. 
By Lewes R. 


Drawing, Painting, Writing, &c. 
Drawing Copy- 


Vere Foster's 


Blackie’s Brush - Dyawined? 
Books. Cards. bl 
In 72 numbers, price 24. ench. By J, W. Nicol. 3 Séfs of 20 Cards 
Lomplete Edition, in Eighteen eath. 


Parts at 94. (Each part complete.) 
Vere Foster’s Complete Course 


of Drawing. 


In Eighteen Parts, Price 9d. each. 


Vere Foster's Water- Colour 


Drawing-Books. 
With coloured facsimil 
Water-colour drawin 


Forty-eight Photographic Repro- 
directions. List on application. ductions . of South Kensington 
Poynter's South Kensington Casts. In Four Books. Crown 
Drawing-Books. 


Issued under 


dence of Sir E. J. Poynter, P. R.A. 


A Selection from Turner’~ 
Studiorum. 

In Four Parts, 12s. 
plete, £2, 12s. 64. 

Brush-Drawing. 
By J. W. Nicol. 


amples, and Notes on 
Drawing and Design. 7s. 64. net. 


Crosskey and James 
Thaw. Imperial Svo, cloth, 45. 64. * 


es of original 
ES, hints and 


the. direct Superinten- 


Liber 


62. each; com- 


Containing 66 
Plates, carefully graduated Models, 
Suggestions for Working the Ex- 


3rush- 


co 0 


ABN 1 
reparing for the Examinations of Hie 
h Hints how to wofk the Papers, 4nd = | 
List on application. $০ { 
ঃ 
e 
A Text-Book of Sciography. _ এট | 
Arranged to suit the requirements 


of those preparing for the examisit- 
lions of the Board of Educa Us 
South AED By JSS A. Dp 
M‘ntyre. 3s. 62. 

খু 8 


15. 62. per set, 0 

Graded Drawing for Ingots and 
Junior Classes 

By Anne E. Roberts* Vijth SE 
ing Subjects and Hints for Pro- 
cedure. Printed in Gfiek and “ 


colour. F’cap 4to, Yoh 25. 6d. 
Classic Ornament: 


4to.- Price 15. 6. each. 


Vere Foster's Writing Copy - 
Books. 
Original Series, in 22 Nos., 22. each A ld 
Palmerston Series, in 11 Nos., on fine 
Paper ruled in blue and red, 3a. each, 
Bold rT Vivil Service 
Tice 2d. each. 
n 12 Nos., 2d. each. 


sin 12 Nos., and 
Nine Supplementary’ Books 2° Mohn o 


ies, being the Medi. 
'S riting page always 0 
the right-hand side. Tl. bh i; 


0 


24. each, 
hl Blackie’s Civil Service and 
Blackie’s Brush - Drawing Commercial Copy-Book. 
EIA $ By]. Logan. Copies, Skeleton T ines , 
By J. W. Nicol. 3 Sets of 15 Sheets Commercial Forms, Tabular 
each. 12s, 62. per set. ) 


ES Se 
LONDON 


BLACKIE & SON, Limir 
GLASGOW 


tatements, and Lettering. 6d, 


ED, 50 OLD BAILEY, E.c, 
AND DUBLIN 0 
ভর ARS 


